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PREFACE.

With each delivery of a new type or sim of airplane the nmnufacturw furnishes (1) the
ch-h and @) the computations by which to judge the performance [tnd safety of the mtirhinc.

Under “data” may be classed the geometrical dimensions of the entire craft and its
parts; the physical properties of its materials, both raw and m trented for final USP, w](1 a
description of the method of treatment of these materials; the measured strengths of th~’
whole structure and of its elements; the weight schedule, giving the mtiss nnd positim~ of the
structurtil purts and of the carried ~oads; the aerodynmnic properties of the sustaining and
cofitrol surfaces, the body, the undercarriage, and the croft M u whole; the records of irMpuc-
tion and fuWscale test, etc. To this must be added much special informaticm t~houtt the
engine, the propeller, the navigating instruments, etc.

Under “computations” may be furnished information M to the stresses and pd’orImmce

of (1) the “motor; (2) the screw; (3) the craft as a whole.
The present work, intended as a handbook, covers primarily tho thcmy of airpkmc stress

aua.lysis, but ignores, as foreign to its scope, the forces within the engine tind propeller. It
presents analytical methods and formulas with Jittle if any argum~nt , assumit]g the rmdcr
can supply the proofs or will not require them. All the formulm mu illustrated by prol)lvnls
given immediately in the text and solved in Chapter IT.

Acknowledgment is here made to the Journal of the Franklin Inst.it ute for a part of th...
diagrams and subject matter which the writer previously had published in tln~t pcriodiml;
to the (lurtiss Aeroplane & Motor Corporation for practical data used in the problems; and
to Mr. L. 1% Crook, Mr. N. C. Luther, and Mr. R. H. Smith for assishmw in rrrising t.lw text
and reading the proofs. The aerodynamic data have been taken partly from rep(Jrts 0~ the
bureau of Construction and Repair partly fronl those of other laboratories. A portif~n of t~~c
wing-stress equation, taken from this work, will appear in the I.mmm’s forthcoming book
entitled ‘tAircraft Design Dat a,”

A. m. zAHM.
JANUARY, 1918.
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REPORT NO. 82.
PART I.

GENERAL CONSIDERATIONS.
By A. F. ZAEM,

INTRODUCTION,

This report wws prepared at the Aerodynamic.al Laboratory, Navy Yard, Washin@m,
‘D. C., by direction of Rear Admiral D. W, Taylor, Chief (constructor, U. S. &Tavy, ttnd Mem-
ber of the National Advisory Committee for Aeronautics, for publication in the committcw’s
Fifth Annual Report.

1. TERMINOJ,OGY.

!I%e mechanical terms in this text bear the same meaning as in stanchmd works on appiied
mechanics; t-he aeronautical terms, where practicable, follow the nomenclature publisbed in
1917 by the United States Nationa.I .kdvisory Committee for .ieronautics (Report No. 25).
Some words not so published are used of necessity, and when of uncertain meaning cm defined
upon their fhl, appearance in the text. For exwmple, “air force” for the resultant of air pre-
ssure and friction. As an abbreviation for ‘(angle of incidence,” the term ‘‘incidcuw” is some-
times used in this text, as is commonly done in aerodynamic works.

2. UNITS AND DIMENSIOFiS.

For the most part in this text ordinary British units me employod. The uni~ of muss is
sometimes the pound; sometimes the slug, or g pounds, v being the accelerc,tion of gravity.

!l%e standard of air density is taken as 0.07635 pound, or 0.0023S slug, per cubic foot., or
that of dry air at 760 m. m. and 15.6° C. Hence the, familiar full impulso p P, per unit, cross
section of a jet, is 0.0023s Vzpound per square foot when V is feet per second, or 0.0051 V when
V is miles an hour. And the air force on a normal sudace of A square feet is R = 0.0023S (7A1’?
pounds at Vfeet per second, C being a dimensionless rnultipller, called the “shrq]e c.oeftlcient,”
or ‘%bsolute coeK1cient “-a constant independent of the system of units.1

3. NORMALANT AF3NORMALLOADS.

Structurally an airplane is under normal load in two notable casas: (1) On earth when
resting naturally on a level surface; (2) in air when in steady straightaway flight at auy inci-
dence.2 In these cases the external app~ied forces, whether due to air, earth, or motor, are
constant and in algebraic sum equal to the weight of ~he craft,, Some may be positive, others
negative.

In all other conditions the loading is abnormal and maybe either constant or not; either
uniformly increased or not; either positive or negative. For example, an airplane in stead-y
flight around a level circular course bears a constant load determined by the speed id curvature.
For this case the actual load in terms of the normal is ttibulated in figure 5. For the largo
path curves there shown the increase of loading is substantially uniform throughout LLN+
structure. Again the craft may be diving steeply at steady speed and incidence. ThIHI its
loading, both lift and clrift, is constant.; the first smaller than normal, the second larger. Jllcm
the machine is standing on earth some of the loads are reversed from their direction in air;
when flying inverted d~ “Iift” loads are reverSed.

1Lngeneral,the sam~formulaappIkstoaninclinedflat surfam whosefacearea 1sd, so longas its incidenceandorierrttitionremdn coustant.
3The loadingdue to the generalair strsara is ilhstrated in figs. 1, 2, 3, 4 fora typical monoplanesurface.

4



AIRPLANE STRESS ANALYSIS. 5

4. SUDDEN LOADS.

Inconstant abnormal ,loads may arise from sudden changes of air speed or incidence, as
in diving, or riding gusts; from motor jerking; from impact against earth or water, etc.; and
their change may be uniform throughout the structure or localized; uniform or irregular in
growth and decay. But frequently.it suffices to assume that all parts of the structure sustain.
the same acceleration and hence the same change of load. If this acceleration be j at any part
of the airplane, the masses in that part induce stresses j/g times those due to their weight alone,
assuming j and g in the same direction.

When practicable in engineering tests, an accelerometer should be carried in the active
machine to record the component accelerations @ the air and on the earth. To find j through-
out the craft, it is well to use several accelerometers distributed throughout the structure.

Sometimes the acceleration is estimated from observed or assumed data. For example,
suppose that a craft, regarded as a single rigid mass in pure translation, lands with vertical
velocity component v, whose “head” is h= v’/2g, and comes to rest with uniform cushioning, of
yield d.’ Then the ratio of its average vertical acceleraticm to gratity is 2

j/g = 1 + h/d. ,(1)

It is twice this amount if, as rarely happens, the cushion resistance be directly proportional
to the cushion deflection d.

Equation (1) is true not only of the machine as a whole, but of every part of it, however
elastic the structure. If the craft approach land in pure translation, h is the same for all
elements, but d varies throughout the structure, being least in the chassis parts and greatest
in the parts remote from the impact points. A like treatment applies to longitudinal and
lateral accelerations.

The assumed maximum ‘acceleration to be provided for in the design of an. airplane is
usually specified by the purchaser.

Example 1.S—If an accelerometer fixed to an airplane records a maximum vertical accelera. .
tion of 48 feet per second, what is the ratio of the abnormal to the normal loadlng ?

Ezampte %-h airplane, in landing has a vertical velocity component of 10 feet per
second and a uniform cushion yield of 6 inches. Find the ratio of the abnormal to the, normal
stresses in the landing gear, assuming the mactie to be a rigid structure.

5. SIMPLE STRESSES.

The direct simple stresses here treated are the common tensile, compressive, and shearing
stresses. For each the intensity or unit stress is uniform over the cross section and is given by

S =PJA, (2)

P being the load sustained by the structural cross section A. For each case the load and stress
have the same direction. For torsion in a round shaft the intensity of direct shearing stress
at different points of a cross section varies directly with the radius to three points and in the “
outermost fiber is

8= .licfJ (3)

where M is the torsional moment, c the distance from the center of grawity to the outermost
fiber, J the polar moment of inertia of the section.

6. INDIREC~ SIMPLE STRESSES.

Indirect shnple stresses perpendicular to the applied loads occur in transverse and in
torsional loading. In both cases the longitudinal and the transverse shearing stresses at
any point are equal.

1‘Thecushionforcemay be partly airlift, partly springlift. The air lift diminishesslightly with u,’the spring lift increrieeewith d, though
seldom directly as the deflection,dependfig ou the nature ofthe cus~loningmechanism. In generaLthe longerthe yleld,d,the less the shook,or
mean vetilcal acceleration.

zTo prove (1)equate the work ofcuehiorringto the work oftotal fall:
thus Mjd= ilfg(7\+d),
whence jfg- l+h/d,

in whfch 1-fis the mass ofthe machine,j the averagecushioningretardation.
8The solutionsto all the examplescited in the text are givenin Part IV.
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h transverse loading the tension or compression is greatest
the beam and is

6’= -MCII,

AERONAU-TICS.

in the outermost fillers of

(4)

where M is the bending moment, I the moment of inertia of the cross section.
In a. beam so load~d the lo~~gitudinal shearing stress ;aries over any cross section, being

zero at the remotest fiber and increasing towmcl the neutral axis of that scetion. At tiny
reference axis Y in the section, parallel to the neutral axis! the horizonttil shear is

. s= UC T’/It (.5)

where a is the sec.tiomd area outward from Y, c the distance c}f the c.entmid of a from the
neutmd surface! T’ the total shear over the entire hewn section, and t the thickness of the
beam at Y. In most, but not all, practical cases the horizontal shear is n maximum at the
neutral surface. Its value three is, for a round beam, 4/3 the mean vertical shear I’/A; for u
rectangular one 3 17/2 A,

Example 3,—Find the longitudinal shearing stress in a 4-inch square beam gi~en the totid
vertical shear as 1,400 pounds; first with the diagomd vertical, then with it inclined 450.

7. RESULTANTUNIT STRESS,

When several causes simultaneously produce like stresses at fmy point in a structure,
these may be algebraically added.

(a) i!%duise stresses due to simultaneous enduiee and transverse. lomfe.-Several m-dwisc
stresses may occur at a point simultaneously. Thus in the lower rem spar of an airplane

the lift produces tension, the drag compression; the bending moment produces twlsion and
compression. The algebraic sum of all these is the effective stress. If P be the aggregate
endwise stress, the above operation is expressed by the following equation,

LS=P/A k N/Z, (.6J

in which M is the bending moment due to the running load only, z, the section modulus. The
obvious physical meaning of this equation is that the fist term represents the unit direct stress,
the second term the unit bending stress, which may be taken either as tensile or compwssive,

A more accurate formula for the total endwise unit stress here considered is

S =PjA + H/Z +k’Pd/Z, (7)

in which d is the deflection due to -M only (computed. as in figs. 13, 14, 15, 16), and k is a
correction factor to be applied to d, because the latter is slightly increased by P.

If in (6) and (7) P/A k a tensile stress, the succeeding terms can be reduced to “equiva-
. lent tensile stress” by nndtip]ying them by 8b/&.1 or the ratio of the bending to the tensile

strength of the material. This is sometimes done when iS~ differs matcritdly from St. Shni-
la.rly, when P/A k a compressive stress. The equation (6) then assumes the form

.s=&+r.Jf//z (8)

where S is the equivalent tensile stress and r is the ratio of the tensile to the bending st.reugth
of the material The equivalent compressive stress is similarly found.

Formulas (6), (7), may be used for wing spars and for non-tapming flat struts bearing a
considerable side wind pressure. But if the strut be tapering, S can not be found by formulti

(7) here presented, since d is unknown. However, for normal flying conditions the deflection
is ignored, since t,here is no appreciable sido wind against the strut,

Example l.—Find the resultant unit stress in a f?-inc.h square simple betinl, due. t.o an
endwise load of 900 pounds, a maximum bending moment of 1,100 inch-pounds, and a maxi-
mum deflection of 0.05 inch at the place of maximum moment,
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(t) End&se stresses due to simple endwise loads accompanied by bending. —l?or a uniform
column or strut bearing an endwise load, but no transverse one, the unit actual stress in the
outermost fiber is usually found by Rankine’s fmm-da

. S= 11+ a(l/r)2]P/A, (9)

in which P is the actual end load producing stresses lower than the elastic limit, 1 is the length
of the strut, r its least radius of gyration at the center section, and a is a numerical constant
depending on the material, strut form, and manner of constraining the ends.1 Values of a
for various materials, forms, ancl end conditions are given in books on applied mechanics.

If the enclwise loacl is distant p from the column axis the unit stress is

S= [1 + a(t/r)2+ cp/r’] P/A 10)

where c is the distance of the remotest fiber, and ~ is the radius of gyration.
Example t5.—Find the unit stress in a pin-ended column 1 inch square and 30 inches long

under an axial “load of 200 pounds; also the unit stress when taking the eccentricity of the load
as 2 inches.

(c) Oombined shearing and normal stress. —If at any point of a section, S is the normal unit
stress, and S, the transverse or the equal longitudinal shearing Wit stress, then at that point the
maximum resultant shearing stress S’P,and maximum normal stress J’, are, respectively

Example 6.—A betim is subject to a compressive unit stress of 200 pounds per square inch
and at the same time to a longitudinal shearing stress of 250 pounds per square inch. Com-
pute the maximum resultant stresses.

8. REPETITIVE AND EQUIVALENTSTRESS.

When a variable load stresses a member frequently through a fraction m of its elastic
limit, the equivtdent steady stress maybe taken as

Ls’=s’(l+m)” (13)

where S is the allowable constant stress, and n is unity for very numerous stress fluctuations,
zero for very few.’

Example 7.—1 f a member whose allowable constant stress is 20,000 is stressed frequently “
to 15,000 and has an elastic litit of 60,000, what is the equivalent stress?

9. MAXIMUMSTEADYLOAD AND STRESS.

For a member subject to uniform simple stress the greatest possible load it will sustain is

P=8A (14)

S being the strength of the material, and A the sectional area of the member. Examples in
airplane construction are: For tension,’ the stays; for compression) the short struts; for shear,
the clevis pins. In all such cases the maximum load and maximum unit stress occur together.

I?or a structural element not subject to uniform simple stress the greatest possible load may
exceed that causing the greatest stress. A long strut, for example, may bear a greater endwise
load and sustain less fiber stress before much bencling occurs than when bowed excessively.

For a pin-ended wooden strut having a slenderness ratio Z/r, above 120, the maximum load
is compute~ by Euler’s formula

(15)

where Zis the length between pins, I the least moment of inertia of the middle section.
For pin-ended struts with a lower slenderness ratio Johnson’s formula

P~ax =AC(l – Q1’/40E&2) (16)

1SeeRanlrids AppliedIdechsnics,eection328. ‘l’heuse of formula(9) for computingPmtw is uot recommended!formuls?(16)!(16)$ivin~
better result-s.

~ SeeUpton, MaterialsofConetructiowsection215.
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is used, where A is the middle section area, C the crushing strength of the material, k the least
radius of gyration of the middle section, If the strut has very securely fixed ends, the above
two values of P- may be quadrupled.

The crippling load on any strut or column is sometimes given as a function of..the slenderness
ratio lfr, in tables or diagrams derived from laboratory tests of full scale test pieces.

Example 8. —l?ind the maximum load for a pin-encled spruce column of length 60 inches,
cross section 3 square inches, and moment of inertia 0.3 inch 4.

10. FACTORS OF SAFETY.

Given the resultant fiber stress intensity, this may be divided into an assumed limiting stress
to find the strength+tress ratio, commonly called the “factor of safety.” The limiting stress is
determined from standard test pieces of the material and of the structural forms in question.
For each material and form employed in the industrial arts the assumed limiting stress is com-
monly fixed by agreement between the constructor and t,he purchaser. For stays, turnbucklesl
fastenings, etc., and sometimes for struts —also for entire truss members, wings, fusekges, etc. —
the factor of safety is taken as the ratio of the greatest possible load to the greatest actual load
of the member, the former load being found experimentally, the latter either by calculation or
by instrumental test under working conditions either real or simulated.

Example .9.—Find the factors of safety in example 6 for a maximum shearing stress of
1,000 pounds per square inch, and a maximum compressive stress of 4,oOO pounds per square
nch; also the factor of sa.fdy in example 8 for an applied load of 250 pounds.
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PART 11.

AIRPLANE WING STRESSES.
By A. F. ZAHM.

11. SCOPE OF TREATMENT.

The study of wing stresses may cover in succession the fabric, the ribs, the ailerons, the
spars as beam members, the lift ancl drag trussing. From the resultant stresses so found
are computed the factors of safety for steady normal flight, taking account of the known
strength of the individual members or of their dimensions and materials.

12. WING FABRICLOADING AND STRESS.

The tensile stress in the fabric at any point of a wing surface maybe computed from the
given curvature and air-pressure distribution at that point. Typical external pressure dis-
tributions on a monoplane surface are shown in figures 1, 2, 3, and 4. The. internal pressure
is sensibly constant and unknown, but with impervious fabric may be made equal to the
external surface pressure at any point by perforating the canvas there.

At~.ny part of the surface, as in figure 6, let p be the resultant point pressure of the air
in pounds per square foot, a the distance in inches between ribs, ancl c the depth in inches of
the bulge in the canvas midway between the ribs; then the fabric tension t, in pounds per
linear inch, neglecting the effect of the fore, and aft curvature, can be shown to be approximately

t= 0.00087 fa2/c. (17)

Values oft for various air pressures and bulging of the fabric are given in figure 6.

13. RIB LOADING AND STRESS.

The usual airplane rib may be considered as a beam supported at two points (at the spars)
and sustaining the air force on all the fabric lyi-ng nearer to itself than to the neighboring ribs.
In figure 7 is shown the distribution of the air force normal to the rib surface and also the
distribution of the components of this air force normal to the chord. The running load on the rib
is not sufficiently uniform to make applicable the ordinary formulas for uniformly loaded beams.

By considering the average loading upon each element of length as a concentrated load
we may compute the shear and moment for a number of points and plot them as in figure 8.
This process, however, is ~aborious.

For approximate treatment we may divide the rib into three parts, the segment between
the spare, the front segment, and the rear segment, and consider the total running load on
each segment as a concentrated load. The magnitude and position of each such load may be
founcl by well-known methods. From these concentrated loads the shear and moment dia-
grams can be readily drawn, as shown in full line in figure 9, where the dotted lines are super-
posed from figure 8. Tbe maximum vertical shearing forces are practically the same in both
cases, while the maximum negative bending moment in the case of such approximation is about
twice that of the true moment and should be halved for the working approximation.

If the concentrated load on the front and rear segments, as shown in figure 9, be denoted for
each by R and located at a distance Zfrom the spar, the unit bending stress next to the spai is

Z being the section modulus
where it meets the spar.

144416—20-2

)S=B1/Z, (18).
“of the cross section of the unsevered part of the rib segment ‘

9
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Again, if R, the concentrated load on the portion of the rib amid spars, is distant a and 6
from the front and rear spars, respectively, the unit ‘btmding stress at R is

$ =Rald(a +b)z, (19)

Z being the section nochdus there. Dividing S in (19) by 2 gives a ftiir npproximwt.ion ‘to the
true bending stress for the distributed load.

The rib shearing stress may be found by the shearing stress formuhw prescntwl in Part 1.
E.wmaple I.—A rib loaded as in figure 39 hts the dimensions there specified; find the

unit stresses for bending, maximum shearing, and average vertical sheming just outside the
spars and just inside the spars; also the unit bending stress at, R between the spws.

14. AILERONLOADINGAND STRESSES.

The lofids on the aileron are the control-wire pull and the air form The normal pull may
be taken as the greatest the pilot WOUIC1care to exert rogulmly in flight ancl is measured with
a spring balanoe when the pilot seated in a stationary machine vigorously plies tho control.
Tho aileron moment equals tho control-wire pull times its distance from the aileron hinge
axis; also equals the aileron air force times its distance from the hinge. 11 this l~tter dis-
tance he assumed of some reasonable magnitude and be divided into said Mormntf it gi w’s
the amount of the air force. Sometimes also the air force is estimated from the size, incidcnco,
and forward speed of the aileron, taken with suitable aerodynamic data and with allowance
for the propeller slip stream, if any. In practice, the aileron force may be assumed to be at
the center of thfi surface and equal to PA, where P is the resultant pressure per unit urea of
the ‘aileron surface .4. The value of P is usually specified by the purchaser.

Having thus found either the control-wire pull or the moment of the air forcw on the
aileron, the stresses may be readily computed from the frame diagram by the usual methods
of statics. If the moment of the air force tends to twist the aileron’s hinge rod, tbo unit,
stress in the latter is computed by the formula

~= M/z (20)

where M and Z ares respectively, tlm given moment and the torsion section modulus. In this
case the aileron ribs are simple cantilevers jutting out from the hinge rocl! ad are stwsse(l like
the trailing edge of a wing plane, and are treated by the foregoiq~ rib analysis.

Sometimes the control wire PUIIS on an ailcroll lever from whose outer end sewmd stttys
run to the re.u.r edge of the aiieron surface, as shown in figure 3s. Each principal tiikron rib
then sustains a cornpressiT7e component force due to the applied stay, a transverse running air
force, tmd the transverse component forces of its outer and its inner end tittdmmnts, If only
the transverse forces be considered, the aileron rib stress maybe calculated by the formulti for
the micl segment of n wing rib, as already treated. The enrhviee force muses, at any cross sec-
tion of the aileron ril~, a Cmpressivc llfit stress rqhk equal to that force divided by the
sechion mea.

‘1’heIcading ad trailing edges of the uileron are treated as continuous beams supported and
loaded as in figure 13.

E~am@e 2.—An aileron bearing a uniform pressure of 20 pounck per square foot has the
dimensions .tJntl structurtil form shown in figur~ 3s. Find the moment ttbout the hinge and the
stress in the control wire, Find also the vertical reactions at the stay wire upuq the t.raililqg
edge beam.

15. RUNNING LOAD ON WING PLANES1 AND SPARS.

The air loading and weight of a wing plane is in general not uniform along the whole length
of the plane, but may be taken as uniform for each small unit of the length. The actutd distri-
bution of tho air loading throughout the length, in a uniform wind,2 is illustrated in fig-we 4. For

‘ 1In this text the term fiwing’$deuotesa mainsupporthwmemberontie right orleftofthkairplane. Thus,a )Aphmewingcomprisestwowing
planes,the “top plane” and the “bottom plane,” joinedby “interplane” trmsing. Similarlyfora trfpfene,a quadrtrplmle,a mu[tiphmre.

*In casea propoIlerslip stream waahcathe pkmethe wind ia stiUless uniformover the plane. To be very accurotc,this caseWOUMmqrdre
spwfal trmtment.
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practical computation this distribution may be taken as constant along each panel 1 or each spar
length of the wing plane, and is so taken in the present treatment.

The manner of referring the running air load and running weight of the plane to the spar~,
and thefe resolving them in the plane of the lift trussing ancl drag trussing, is shown in figure 10,
Let L? D, W be the running lift, drag, and weight of the plane and al, M the diste rices, respec-
tively, of their points of applim.tion from the rear spar, u and b being numerical fractions and’1 the
distance between spars. Then at the front spar the parallel components of L, D are aL, aD;
and the pwallel coknponent of W is h W,which, taken from aL, gives the net running lift across
wind at the spar in question. Compounding graphically this net lift, aL-t W, with the drag aD,
gives the resultant spar running load R. This resultant is now resolved graphically into the
components Wlj ‘wzin the lift and drag truss planes: also into w, ‘wI in the spar web plane and
normal thereto.

ln a similar manner the resultant running loads and their component running loads in the
lift and drag truss planes may be found for the remaining spars, Frequently in practice the
running load on the lower spar of a biplane is found from that of the upper by dividing by some
si!mple ratio, say 1.2, as indlcatmd by aerodynamic experimmts.

llzanvp?e S.—A biplane wing has the form and loadings shown in figure 41; find the resultant .
loadings on the spars :md their components in the planes of the Iif t and drag trussing for angles
of incidence of 20 and 120,

16. SPAR BENDING MOMENTS, SHEARS, PIN REACTIONS, DEFLECTIONS.

From the running load WI on a spar, figure 10, and from the position of the strut pins, or
constraints, the bending moments! shearing forces, pin reactions, and deflections may be com-
puted by the familiar formulas for loaded beams. In general, these four quantitaties can be ,
iomputed by direct use of Clapeyron’s original th~ee-moment theore’m, figure 11, but for usual
cases are more conveniently found by the formulas derived therefrom and preseuted in figures
13, 14, 15, 16.

(a) Banding moments and bendir)g stmsscs.-The bending moment diagram is usually a chain
of parabolic curves, whose maxima are tabulated, for usual cases, in figures 13, 14, 15, 16. From
these maxima and the tabulated joint moments the complete diagram is plottod, as in figure 17.

In some unusual cases the axes of the spar, strut, and stay do not pass through a common
point, The increment of moment caused by such eccentricity of the stay attachment is treated
analytically in figure 12 and applied graphically in figure 18.

The maximum bending moment in the strut plane, multiplied by w/w,, gives that for the
plane of the spar web, figure 10, from which may be computed the unit bending stresses in
the spar. The unit stress is given by the equation

S’= lWJZ, (21)

ill being the moment and Z the section modultis of the cross section of the spar.
(b) Nbearing forces and shearing stresses.—The shear diagram is drawn by plotting as

ordinates the values of the transverse shearing force on each side of the pins, then joining tho
ordinates by straight lines, as shown in figure 17. Each line, as is well known, cuts the spar
axis at a point of zero shear and of maximum moment.

The values of these shearing forces multiplied by w/wl give the shearing forces in the
plane of the spar web, from which may be derived the corresponding shearing stresses by the
shear formulas of Part 1.

(c) Pin reactions.—From the two (‘vertical” shears at any spar joint the pin reaction
is most readily found by simple subtraction as in figures 14, 15, 16. If the points of zero
shear—that is, of maximum moment—are know% the pin reaction at any joint is taken as the
distance between the neighboring maxima times the mean loading.

(d) Dejection.—To find the exact place and amount of the maximum spar panel bending,
the deflection curve may be plotted from the elastic equation given k figures 14, 15, 16.

I The prmclofa spar or wingplans.is its portionbetweenconsecutivelift struts.
~The rletermfnationofL and D is explainedin the aerodynamictreatment ofairplanes.
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Otherwise, since the point of maximum deflection in any span is near that of maximum bend-
ing moment, the latter point may be taken as the place of maximum deflection. Then t]lC

approximate maximum deflection d is, by the formula of figures 14, 1.5, 16,

d( ‘~)= ‘~.[1~ fl~(t-d + 4 V(P +%’) +~(t’ ‘~Os)]P~4 E], ● (Wj

where X*is the tabulated abscissa of the point of maximum moment. As shown for ml extreme
practical case in figure 19, the difference between this approximate deflection and tho true
deflection is less than 2 ~er cent.

.Ecample J.—Find the shears, moments, and reactions for the upper and lower front spnrs
of the biplane trussing shown in figure 40 due to the uniform running 10wIs found in example
3; also the reactions of the spars in the planes of the lift and drag trussing and the shears ml
moments on each spar in the plane of the spar web. .

I?xmnpze 5.—Find and plot the resultant moments clue to the uniform loading and the
eccentric stay wire attachments shown in figure 18.

llcmnpze 6.—Compute the deflections in the plane of the spar web for all panels of the hiphme
trussing of figure 40, using the results of example 4.

17. CONCENTRATEDI-WI’ AND DRAG ON wING TRUSSING.

The total lift component on any strut pin in the plane of the lift struts k equal and o~qmsitc
to the pin reactions given by the formulas of figurm 14, 15, 16 for a running load in the plane
of the lift trussing. Multiplying this lift component. by u’#wl, figur~ 10, and adding h alf the air
resistzmce of the adjoining strut and stay wires , gives the drag component on the strut pin in

the plane of the drag struts. The pin lifts and drags so found tire taken as the q]plicd lends
on the lift trussing and drag trussing. and are usecl to find the endwise stresses in their struts,
stays, and spars. Convenient formulas for the concentrated drag loacls are given in figure 20,

An alternative method for finding the force on the strut pi~~ is to multiply the mctin

rurming load on the spar by the distance between the poiuts of zero shenr in the wljoining spur
~anels. Equivalent formulas for this o~eration are given in figure 21.

In applying this alternative metiod, if the points of zero shear have not previously been
found they may be taken as at the centers of each panel except the inner or root p,mwl. For
the root or inner panel the point of zero shear is three-eighths the panel length from the bodJ*
hinge of the “engine section.” This is an approximate method sometimes used for brevity. Its
accuracy may be judged by reference to the typical moment diagram of figure ] 9.

To the above concentrated lifts must be geometrically added the weights of the struts and
stays and in some cases the weight of the motor., the force of the aileron, the thrust, 01 the
propeller, etc.

I’Kben external stays are applied to the wing, such as lead wires or under struts, these nmy
either be assumed severed or be taken as an integral part of the trussing. !l’hey are commonly
assumed to be severed, so that the wing may be shown adequatelys trong without them and
not liable to disaster in case of their accidental rupture. Then in turn the extwual st uys we
assumed to bear the whole lift or drag while the internal ones are severed.

If any sloping external stay, figure 24, of length T, whose three projections on the reference
planes of the machine are x, y, z, sustain a tension R, whose components are ;Y, 1“, Z, then

Rjr = ~/X= Y/y= Z/z. ~~~j

Thus if any internal drag wire should fail, causing a forwarcl pull .1” in the lead wire, the
stress in this latter woild be R = rX/x, entailing a compression in the spar Y = yX7/x.

In case of cabane stays, figure 24, the y may be zero and R =?l.X/x. Similtirly, the stress
in a fore-and-aft diagonal wing stay, supporting a drag X on the top plane, is J?= $.Y/x.

Example 7.—Find the concentrated loads on the lift trussing of examtile 4, given the
weight of the front struts, stays, cabanes, etc.

Example 8.—Given the resistance of the front struts and stays and the running load, find
the -concentrated loads on the drag trussing of example 4, by the zero shear method.
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Example O.-diwm the resistance of the struts and stays at high and low speeds, find the
concentrated Ioacls on the drag trussings for both speeds, using values of the pin reactions
found in example 4. ,.

Ex?nn@e 10.—An aileron bearing a uniform pressure of 20 pounds per square foot has the
dimensions and structural form shown in figure 38. Find the stresses in the stay wires,

18. ENDWISE STRESSES IN MEMBERS OF NONMULTIPLANEWING TRUSSING.

(a”) Dwe to liftand drag. —1’rom the given concentrated loads and fraroe diagram of the
. wing, the aggregate endwise stresses, and thence the unit stresses, are found by well known

analytic and graphic methods.
Convenient analytical methods of finding the aggregate stresses, i. e., ~n struts, stays, ancl

spars, are presented in figures 22 and 23. The usual graphic method is dlustrated in figures
26 and 27.

If the stress in but a single strut or stay of a biplane be desired, it can be obtained directly
by an appropriate formpla as a simple summation, or a product following a summation. In
such truss analysis the following generalizations may be “useful:

1. Any strut exerts a thrust equal to tho sum of all the loads preceding it. Thus in figure
22 R is preceded by the loads G, G’, H, H’, 1, ancl therefore exerts at 1 a thrust equal to their
sum.

2. Any stay exerts ,a tension equal to the sum of the loads preceding it times its own
length divided by the truss gap.’ Thus for the stay (J the tension is (H +H’ + 1+ 1’) @
Otherwise the vertical component of any stay tension equals the clifference between the strut
thrust and the concentrated loafl on the strut joint; “also the horizontal tension component
equals the clifference of the spar thrusts on either side of the joint.

3. Any top spar panel exerts a thrust equal to the sum of the moments of the preceding
loads about its inner end divided. by the gap. fhy lower spar panel exerts a tepsion equal
to the sum of the moments of the preceding loads about its outer end divided by the gap.
The tension in a lower spar panel equals the compression in the one obliquely above and out
from it.

(~) Endwise ~’tresses in stwts, stays, and spars due to wing torsion.—The aileron lift PA
exerts a torsional moment ill= PAZ about the wing axis distant t from PA. The ensuing
endwise stresses in the wing struts, stays, and spars can be calculated by the formulas for a
twisted pyramidal truss given in figures 33 and 34.

Exurnple 11 .—Find the endwise stresses in the struts, stays, and spars of the front lift
trussing, figure 40, for low speed and the rear lift trussing for high speed.

Example I%.—Find the stresses in the drag trussings, figure 40, due to the concentrated
loads of example 9.

Example 13.—Fincl the stresses and factors of safety in the spars, struts, and stays in
figure 40 for levy and high speeds, respectively.

Example 14. –Find the stresses in the principal members of the wing trussing of figure
40 duo to a uniform air pressure of 20 pounds per square foot on the aileron surface of figure 38.

19. ENDWISE STRESSES IN MEMBERS OF MULTIPLANEWING TRUSSING.

Figure 25 gives a general process for finding the stresses in a multilane wing truss, am?
applies it to a triplane. Before employing this method the total lift on the strut exerted
by all the planes is found by summing their individual lifts, as in article 17 on concentrate!
loads.

20. STRESSES IN REDUNDANTTRUSS MEMBERS.

The last article illustrates the case of a truis having redundant members, whose stresses
are indeterminate by rigid statics, but determinate by elastic statics. To generalize this case,
suppose a multilane wing truss having initial stresses in both its loacl wires and its landing

1‘(Tws gap)>here meansthe distancebetweenspar centersin either the lift or the dragplane,
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wires. Here a lift L applied to a strut causes increase of tension in the loacl wires, decrease
in the others. The increments of tension in both load and hmding wires can be resolved ~cr-
tically, summed and equated to the increment in ~ which causes them. The obvious expression
for this is, by figure 25,

A.L= APm/p i- AP’m’/p’ i- AQn/q-1-AQ’tb’/q’

in which the primes refer to the landing wires which cross the loacl wires diagonally. In many
practica~ instances of wing and body construction the unprimecl ancl primed quantities me
respectively equal. The formula then becomes: .

U= 2 (APm/p + AQn/q)

Example 15.—Giren the data for figure. 25, as below, solve for the tensions in the st ~ly
wires; L = 145 pounds; m =60 inches; n =50 inches; p = 99.8 inches: q = 94.2 inches; :1 =
,012 square inch; l?= .012 square inch; and ~= 30,000,000.

21. GROUPING OF WING ANALYSISDATA AND COMPUTED VALUES.

J?igure 2t31 shows synoptically for a typical wing, (1) tho genekd aerodynamic data for
its individual planes, ~2) the load distribution on the surfaces md trussing tit, both high tind
low speeds, and the stress analysis for these conditions, (3) the tabulated dimensicms of the
truss members, their principal stresses and factols of safety. Such cletnil calcukd.icms us (10
not appear in the diagram are given in the solutions of the inclivkluaI problems of this chapter.

LThfetypeofdfagrsm,prepsredby the writer,weepublishedin part by the Fmnklin Institute Journal in December,1914;entire in Aviation
and AeronauticalEngineeringin 1917.
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PART III.

AIRPLANE BODY STRESSES.
BY A. F. ZAHM. +

21. SCOPE OF TREATMENT.

Thestudyof airplane body stresses maycover in succession: Thetail unit; thetailskld;
the chassis or landing carriage; the fuselage ;’ each case compromising the appliecl loads, the
induced reactions, the strength of the structural elements, and finally the factors of safety; the
fuselage being treatecl last because stressed by all the other members thereto attached.

22. THE TAIL UNIT.

The tail unit comprises (a) “the vertical tail surfaces; (b) the horizontal tail surfaces. The
combined air forces on the tail surfaces—that is, -the lateral force on the vertical surfaces and the
vertical force on the horizontal surfaces—are taken as applied loads on the fuselage stern when
in flight.

(a) Tile vertical tail surfaces,—The rudder maybe hinged to the rear edge of a fixed vertical
fin attached to the stern of the fuselage or other rear-ward projecting framework, The loads on
the rudcler aro the air force and the tiller pull. In unbalanced rudders the normal tiller pull is
usually taken as the greatest force a pilot would care to exert in regular flying, and is determined
by measuring with a spring balance the force exerted by a pilot when seated in the stationary
machine and plying the control vigorously. III common practice the force is assumed, as for the
aileron in section 14, to be at the center of the surface and equal to PA, where P is the pressure

. per unit area of the rudder surface A.
The fixed vertical fin sustains both its own air force and the hinge forces exerted by the

vertical rudder. The first may be taken as PA applied at the center of the fin area; the second
may be computed by use of figure 13.

(b) The horizontcil tail surjaces. —The horizontal rudder, or elevator, is usually hinged to the
rear edge of a fixed tail plane, or stabilizer. The elevator stresses are found as for the cases
already considered of the aileron and the vertical rudder. The stabilizer is treated very like
a monoplane wing except that it sustains considerable force on its rear edge, due to the hinge
pressures, and is aerodynamically influenced by the presence of the horizontal rudder, and com-
monly also by the propeller slip stream.

Example 1.—An elevator bearing a uniform pressure of 20 pouncls per square foot has the
dimensions and structural form shown in figure 37. Find the moment about the hinge and the
stresses in the stays and the control wires; also the hinge reactions.

Example 2. —Fincl the vertical components of the pin reactions of the front and rear beams
of the stabilizer or horizontal fin, figure 37, due to a unif ormly distributed pressure of 20 pounds
per square foot and the hinge reactions of example 1.

Euimple 3.—A ruclder and vertical stabilizer bearing a uniform pressure of 20 pounds per ,
square foot has. the dimensions and structural form shown in figure 37; fincl the transverse loads
on the upper and lower trussing of the fuselage and the transmitted couple about the normal
axis of the various sections.

The tail sMd.-When the craft is landing or resting on the earth the tail skid force is taken
as a stern load on the fuselage. s

The normal static or dead load on the tail skid is its ground pressure when resting on a level
surface, or, in the case of certain waterplanes, it is the static lift on the sear float. The normal
lift of the tail skid is L = W7a/z,figure 29, if 117be the total weight of the craft, and a, t, the dis-
tances respectively of Wand L from the tread, or forward support of the machine.

15
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.
The We load cm the tail skid mcty be resoIvecl into recta.ngukr components which are found

m in figure 31, when the craft’s dimensions and accelerations there assumed, are Icnowu.
Othe.rwim the maximum tail skid force to be provichd against ma-y be specified hy the purchaser.
From the force so found or specified the stresses in the tail skid, tail float or superstructure. may
be. approxhmtely calculated by elementary statics, ignoring the accelerations within the
stmlc.ture .

Example ~.-C!ompute the normaI lift on the tail skid from the data given in figure 29.
lhamyk ti.-Given 1=60,544 pound-feeti, j== 16 feet@,’, jY= 8 feetJsec.’, a= 0.1 rad.

/sec.Z, in figure 31 and the dimensions of a machine, fincl the resultant live load on the tail skid.

23. UNDERCARRIAGELOADS AND STRESSES.

The normal static or dead toczdat the bottoni of the undercarriage equal; in nmgnitudc thti
total weight them supported when the craft, is resting Ie-rel, The supporting pressures arc per-
fectly definite in some cases, as when the craft rests on two w-heels and a skkl, or on four cush-
ioned wheels, etc..

The stresses in the under carriage may be computed first for the normal static Io.ad, then
for a similar magnified load by multiplying by an assumed ratio, such as j/g in section 4.

Wheu the airplane pitches, skids, or slews about, other considerations, which may bc of
great importance, enter the stress anaIysis. The case of an airplane skidding or abruptly
canting is treated at the end of this article,

Nor a common airplane, figure 29, if 1, a be, respectively, the distsmc.es aft the axle of the
tail-skid toe and the weight W of the whoIe craft Iess wheels, then the upwmcl pressure on
the skid toe is Wa(l, and this takeu from the weight gives twice the -prwsure R on emh of the ados.

Resolv@g 1? parallel to the side-view projections of the struts, figure 29, gives, respec-
tively, the force P sustained jointly by the front strut and stay and Q borne hy the reur ones.
These forces in turn resolved ~s shown give the stresses in the in.dividua.l uprights of the under-
carriage0. The first resolution obviously gives

P= R sin a/sin ~
@=R sin @/sin y, (24)

where CY,& y are, respectively, the angIes opposite P, Q, R in the force triangle, Similar equa-
tions in turn give the components of P, Q in the uprights.

The stresses in the undertrussing of a typical seaplane at rest are treated in figure 30.
The lift Ii! resolved parallel to the front view projections of the struts and stays, as shown,
give its components P, Q in the planes, respectively, of the stays and of the struts. h“ow
resolving P in the true plane of the stays, ~ in that of the struts, as shown! gives the stresses in
the uprights.

As shown in figure 29, the strut pairs bear down each with the force R cm tle axle, here
assumed to be a straight and single tube. This axle normally finds support at the cetlters ‘of
the wheels and sustains on its segment outward from the struts bencling hncl shearing stresses
computable by the simplest cantilever formulas m used for wing ribs. Betweeu the strut
bearings the axle sustains a constant bending moment equal to the maximum in the cantilever
portion. On this Iatter portion the maximum verticaI shearing stress equals the wheel lift
l?; the maximum moment is ltl if 1 be the distance from the lift R to the clown pressure of the
strut pair. From the shear and moment the factors of safety are found as usual.

The live had on the bottom of the undercarriage is treated in quite the same manner as
that on the tail skid by the equations of figure 31.

When an airplane skids on the ground or rests with one wheeI low, the ground reacti,on
on one wheel can be resolved into two rectangular components! one parallel the other per-
pendicular to the axis. The pmalIel component F, say, exerts on the axle a hencling moment,
.ii = FR, where R is the radius of the wheel. If W’be the weight, a the angle of cant, .F= 1/2
W sin a. The ensuing moment, Jf= 1/2 H%! sin a, may be c~uite formidable.

Ezanaple 6.—From the data of figure 29 compute the normal Ioacl at the wheels of the
Wdercarriage; also the stresses in the undercarriage struts and ~ta~’s and their factors of stifety.
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. 1.?xamp7e7.—l?incl the stresses in the undercarriage trussing of the seaplane in figure 30
due to a lift of 600 pounds applied at a point one-third the distance from the front to the rear
strut attachments. ‘

12xample 8.—An airplane weighing 3,000 pounds, with wheels 2 feet in diameter and 6 feet
apart, rests with one wheel 10 inches lower than the other. Find the added bending moment
on the axle, assuming each wheel to bear half the entire weight,

24. FUSELAGELOADS AND STRESSES.

The fuselage may sustain gravitational, amodynamic., and impact or acceleration loads.
The ensuing stresses at each point of the structure are separately computed, then combined to de-
termine the resultant stress there. A twofold analysis is usually made, (a) for flying conditions,
(b) for landing or static conditions. In both cases the analysis may be made either for the
fuselage as a unit or separately for the rear segment, the front segment, ancl the center segment.

(a) Fuselage load~ and si!rewes for $ying conditions. —If the loads exert no torque on the
fuselage, then for a typical rear segment, figure 32 presents the analytical treatment, figure
42 the graphical. In practical computation the weights of the struts, stays, and longeron panels
are regarded as all concentrated on the upper pins, rather than as part on the upper, part on the
lower pins. The air force on the side of the segment is comparatively negligible; that ON the
stern, due to the tail unit, is given in paragraph 2 of this part,

The gravitational stresses in the front segment are found similarly to those treated in (a);
the power stresses, due to propeller thrust and torque, engine vibration, etc., may be esti-
mated separately, then combined with the former, The aerodynamic forces on the bow are
usually negligible.

The stresses in the center segment of the fuselage, due to the gravitational and aerodynamic
loadings, may be found separately, then combined with those due to the action of the attached
members; i, e., wings, undercarriage, and front and rear fuselage segments.

When the appIied loads ezert a torque on the fuselage, endwise stresses ensuing from the
latter are computed by the formulas of figmes 83 and 34 for twisted trusses, For example,
if the rudder force P.4 is distant 1 from any axis of the fuselage, it maybe replaced by a force
PA and a couple PAZ, both appliecl at said axis, the force generating one set of stresses, the
couple another, and each set separately computable by one or the other of the above formulas.

(b) lhfelage loads” and Wresses for landing or static conditions.—l?or static conditions the
loads inside the fuselage are the same as those for flight. The external applied loads are the
wing weights, the reactions of the tail skid and undercarriage. The stresses are found as
shown in figures 32 and 42.

For kinetic conditions the tipptied loads on each part are computed as explained in figure
3,1. The stresses are then found as explained in the preceding paragraph.

lhample ~.—l?ind the stresses in the struts, stays, and Iongerons of the ‘rear segment of
the fuselage due to a uniform pressure of 20 pounds per square foot upon the horizontal tail-
pieces; also those due to gravitational loads alone.

ExanvpZe 10.—Find the stresses in the struts, stays, and longerons of the vertical trussing
of the front segment of the fuselage shown in figure 35, due to gravitational loads.

lhampze 11.—l?rom the data in the problems above find the stresses and factors of safety
for the principal members of the fuselage for a steady, circular flight &wund a level curve of
200 feet radius at 80 miIes per hour.

17xample I,%’.-Find the stresses in the rear segment of the fuselage due to the torsional
loads in example 3.

25. GROUPING OF BODY ANALYSISDATA AND COMPUTED VALUES.

Figures 35 and 36 show synoptically for a typical airplane body the graphical analysis
and the numeri~al results for both flying and static conditions. Such det;il calculations as
do not appear in this diagram
of the text.

144416-20-3

are given ~ the solutions of the individual problems of this part
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PART IV.

PROBLEMS IN AIRPLANE STRESS ANALYSIS.
By L. H. CROOK.

PROBLEMS IN PART

Stresses in Materials.

I.

Example 1.’—~f an accelerometer fixed to an airplane records a maximum vertical accelera-
tion of 48 feet per second per second, yhat is the ratio of the abnormal to the norrmd lowling ?
Given g= 3!? feet per second per second, j= 48 feet per second per second.
Then by section 4

r =f79=48/3~ = 1.5 (ratio). ~~s.

ExampZe $?.-Au airplane in landing has a vertical selocit.y of 10 feet per second and n.
uniform cushion yield of 6 inches. Find the ratio of the abnormal to the normal stresses in
the kmding gear, assuming the machine to be a rigid structure.
Given V= 10 feet per second.
Then by section 4

Velocity “head” h =#/2g
= (10)’~2 (32) = 1.56 feet.

By equatiou 1
T= I +h/d

= 1 +1.56/0,5=4.12 (ratio). Ans.

Ewzmyle 3.—Find the longitudinal shearing stress iu a 4-inch square beam, gil-en the tottd
vertical shear as 1,4oO pounds, first with diagonal vertical, then with it iIlclined 450.

I. DIAGONALVERTICAL.
S3hear at neutral axis.
Given a=8 sq. ins.; V= 1,400 lbs.; ~=21,33 ins.’

c= O.942 ins.

By formula, 5
iJ=ac VIIt

=8(0.942) 1400r21.33(5c656)
=87.5 lbs. per sq. in. “h.

Shear at I/4 h.’
Given a =4.5 sq. ins.; V= 1,400 lbs.; 1=21.33 insi4

c= 1.414 ins. t=4.242 ins,
S=ac V/It

=4.5 (1.414) 1400~21.33(4.242)
=98.3 lbs. per sq. in. Ans.s

Shear at I/2 h.
Given a=2 sq. iIIS.; V= 1,400 lbs.; 1=21.33 inS.4

c= 1.885 ins. t=2.828 ~s.

~=ac V/it .

=2 (1.885)1400/21,33~~c&~~)

=87.5 lbs. per sq. ins. *-.=-.-?~~.-,.-

1Unlsssotherwisestated, all qrmntitiseare mpreseedin foot,pound,second,gravitationalwits.
~Distancefromneutral axfeto outermoetfiber.
~Note that maximum shearis not at neutral axie.

18
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3/4 h.
a= O.50 sq. ins.; V= 1,400 lbs.; 1=21,3S ins,A
c =2.357 ins. t= 1.414 ins.

i3=ac V/It
=0.50(2.357) (1400)/21.33(1.414)
=54.7 lbs. per sq. in. Ans.

outermost fiber.
Since a=o, t=o, then ~=o. Ans.

Shear at neutral axis.
II. DIAGONALINCLINED45”.

Given a= 8 sq. ins,; V= 1,400 lbs;; 1=21,33 ins,’
c=l in, t =4 ins.

S =ac V/I t.
=8 (1,400)/21.33(4)
=13 1.2 lbs. per sq. in. Ans.

Shear at 1/4 h.
Given a =6 sq. in.; V= 1,400 lbs.; 1=21,33 ins,4’

c= 1.25 ins, t =4 ins.
S=ac V/It.

=6 (1.25) 1,400~21.33 (4)
= 123.1 lbs. per sq. in. Ans.

Shear at 1./2 h.
Given a =4 sq. ins.; V= 1,400 lbs.; 1=21.33 ins.’

C=l.50 ins.; t = 4 ins.
iil=ac V/It

=4 (1.50) 1,400/21.33 (4)
=98,4 lbs, per sq, in. Ans.

Shear at 3/4 h.
.

a =2 sq. ins,; V= 1,400 lbs.; 1=21.33 ins.’ ,,
c= 1.75 ins. t= 4 ins.

S=ac V/It
=2 (1.75) (1,400)/21.33(4)
=57.4 lbs. per sq. in. Ans.

hear at outermost fiber. S= o.

Erxzm@e i.—Find the resultant unit stress in ~ 2-inch square simple b~am, 80 inches long;
due to an endwise load of 900 pounds, a maximum bending moment of 1,100 inch-pounds and a
maximum deflection of 0.05 inches at the place of maximum moment.

Given, Z= 1.33 ins.’; d=O.05 in.; E= 1,500,000.
1=1.33 ins,’; A=4 sq. ins. ,.

Then by footnote, section 7.

K=sec. ~ -I

=sec. [40-J900/(1,500,000) (1.33)]
=sec. [.845]’= 1.52.

Then by formula 7 and computed value of K

iY=P/A+M~Z+KP d/Z
= 900/4+ 1,100/1.33+ 1,52 (900) (0.05)/1.33
=225 +827 +51 = 1103 lbs. per sq. in.
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Ezam@e 5.—l?incl the unit stress in a pin-ended column I inch square w-d 30 inches long
under an axial load of 200 pounds; also the unit stress when taking the eccentricity of the load as
2 inches.

Given 1=30 ins.; r = ~1/A = 0.288 in.; P =200 lbs.
.4= 1 sq. in.; a= 4/3,000

Then by formula 9.

S= [(1+ a(l/r)’]~/A
= [1 + (4/3,000) (30/0.288)’] 200/1
=:3,081 lbs. per sq. in,

Given 1=30 ins.; ?’=0.288 (ins.); C=IJ2 in;

A = 1 sq. in.; a = 4/300 (constant)
P =2OO lbs.; p =2 ins.

.

Then by forrmda IO.

S= [1 + a(l/r)2+ cp/P) P/A
= [1 +3/4,000 (30/0.288)’+ 0.5(2)/0.288’] 200/1
=5,460 lbs. per sq. in.

Ii?xampIe 6.—A beam is subject to a compressive unit stress of 7!00pounds per square inch,
and at the same time to a longitudinal shearing stress of 250 pounds per square inch. Compute
the maximum resultant stresses.

Given, Ss =250 pounds per square inch. S =200 pounds per square inch.

Then by formulas 11 and 12

Sp= J(l%)’ + (s/2)2 .
=~(250)2+ @OO/2)’
= 269 pounds per square inch. b.

&= ~R~p
= 200/2+269 =369 pounds per square inch. Ans,

Example 7.—If a member whose allowable constant strees is 20,000 is stressed frequently
to 15,000 and has an elastic limit of 60,000, what is the equivalent steady stress?

Given, IS’=20,000 pounds per square inch.
n= 1 (constant).

m = 15,000/60,000= 1/4 (ratio).

Then by equation 13
S’=s(l+?n)”

=20,000 (1+ 1/4)’
=251000 pounds per square inch. Ans.

Example 8.—Find the maximum load for a pin-ended spruce column of length 60 inches,
cross section 3 square inches, and moment of inertia 0.3 inch’.

Given, 1=60 inches; ?/r= 60/0.31=193 (slenderness ratio),
A =3 square inches; k’= 1,500,000 pounds per square inch,
1=0,3 inch.’

Then by formula 15

Pm= n-’ EI/1’
=9.86 (1,500,000) 0.3/(60)2
= 1,233 pounds. Am.
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ExampZe 9.—Find the factors of safety in example 6 for a maximum shearing stress of
1,000 pounds per square inch and a maximum compressive stress of 4,000 pounds per square
inch; also the factor of safety in example,,8 for an applied load of 250 pounds.
By section 10,

From example 6
Compressive stress =369 pounds per square inch.
Shearing stress =269 pounds per ‘square inch.

Then, for compression
F, S. =4,000/369 =10.8, &lS.

For shear
F. #.= 1,000/269 =3.7. Ans.

From example 8
Maximum load carried by beam= 1,250 pounds.

Then, ‘
F. S.= 1,250/250=5. Ans. ‘

PROBLEMS IN PART II.

Airplane Wing Stresses.

Exam@e 1.I—A rib loaded as in figure 39 has the dimensions there specified. Find the
unit stresses for bencling, maximum shearing, and average vertical shearing just outside the
spars and just inside the spars; also the unit bending stress at 1? between the spars.

SECTION M.

(a) Consider the cap strips as carrying all the bending stresses,.

(liven 1= 1.22 in.’; Z= 1.22/1.93=0.632 in.’
R=4 lbs.; 1=2 in.

T4en by formula (18.)
S =R1/’Z

= 4[2]/0.632 ==”12,6lbs. per sq, in. J@.

(b) Consider the cap strips and web as carrying the horizontal shearing stress,
,!

(liven 1=2.01 in.4; c =1.0 in.; a=O.61
t= 0.25 in.; V=4 lbs.

Then by formula (5) S= ac V/It
=0.61(1)4/2.01(0.25) =4.9 Ibs. per sq. in. Ans.

(c) The total vertical shear at this section is not distributed as shearing stress over the
web section, since the web of the rib ends at this section. The total vertical shear, however,
is carried primarily by a compressive stress on the upper surface of the tongue that projects
into the spar. The compressive stress in this case is

S= V/A
=4/(.25 x .50) =32 Ibs. per sq. in. ks.

SECTION N.

(a) Consider the mid part of the rib as a simple beam.’ The bending stress at section N
is then zero.

(b) Consider the cap strips and web as carrying the horizontal shearing stresses.

Given 1=2.36 in$; c= 1.08 in.; a=O.64 sq. in.
t =0.25 V= 12.22 lbs,

1The eolutionsgivenin this examplemust be lookedupon only aeapproximations. Anaoouratetheoreticalsolutionnwet take into account
the hollowedweb, the glued snipe, strength ofgluedsurfaces,WC?

zSpar beingfreeto twist.
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Then by formula (5)

S =ac V/It
=0.64 (1.08)12.22/2.36(0.25)
=7.76/0.59 = 13.1 lbs. per sq. in. Ans.

(c) Treat the total shcming force as in (c) of section M.

SECTION0.

(a) Consider the bending stress S as carried by the actual section.

Given 1=2.84; c=2.30; a= 14.20; 6 = 19.80; R=20.41
Z= I/c= 2.84/2.30 = 1.23

Then by formula (19),

IS=B ab/2(a+b)z
=20,41 (14.20) (19.80)/2(34) (1.23) =69 lbs. per sq. in. Ans.

(b) Total vertical shear and also the horizontal shearing stresses are zero at this section.

SECTIONSP AND Q.

Treat similarIy to section N and M, respectively.
Example 2.—An aileron bearing a uniform pressure of 20 pounds per squtirc foot has the

dimensions and structural form shown in figure .38. Find the moment about the hinge and the
stress in the control wire. Find also the vertical reactions of the stay wire on the trailing
edge beam.

(A) TOTAI,LOAD CJNAILEIWI%
By section 14 and figure 38.
Gken P = 20 lbs. per sq. ft. (assumed loading),

A= area of aiIeron surface =20.7 sq. f$,

Then total lotd =f’ ~
=20 X 20.7 =414 lbs. liIM.

(B)MOMENT ABOUT HINGE.

By figure 38. Center of gravity C= 9.45” from hinge,
M= CPA= 9,45(414) =3,910 ibs. in, Ans.

(C)STRESS IN CONTROL WfRE.

By figure 38, given mm= 12.75; moment= 3,910
Then tension =3,910/12.75 =307 Ibs. Am.

(D)VERTICALREACTIONS OF TRAILINGEDGE BEAM.

TotaI load distributed along trailing edge is approximately 1/2 aileron load.
By figures 38 and 13,

2uJl= 414/2 =207 Ibs. and running load= 207/162= L28 lbs. per linear in.
Given 1=81 in.; b=70 in.; a=ll in.

w = 1.28 Ibs, per in.

By formu~a in figure 13—
R, =W 1 (4 P- b’)/8 bl

=1,28 (81) [4(81 )2–702]/8(70) 81

=48.8 pounds. Ans.
R,=2 (w l–RI)

=2 [1.28 (81) –48.8] = 109.7 pounds, Ans.
R, =48.8 pounds. km.
Compare these answers with those found from the table in figure 13,
The vertical reactions are then as follows:

For central stay = 109.7 pounds. Ans.
Outside stays (each) =48.8 pounds. Ans,

!l!he tension in each stay wire may be found from these reactions, see example 10.
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Exarnpze 3.—A biplane wing has the form and loaclings sh~wn in figure 41; find the resultant
loadings on the spars and their components in the planes of the lift and drag trussings for angles
of incidence of 20 and 12’.

The running lift L, the running drag D, and the distances to their points of application (al)
depend upon the aerodynamic characteristics of the wing, the angle of incidence, the stagger, the
biplane effect, etc. The running lift L and weight Was determined for any given wing plane
of a machine are constant for all angles of incidence in straightaway flight. In the present

, example, however, L, D, W, a, and b are given.

1.ANALYSISFORLOWSPEED.

(Incidence 120.)

“ (a) Running loads on upper front spar.
Given L= 2.256 lbs./in D =0.275 lb./in. W= O.313 lb./in,

a=O.67 a=O.67 6 =0.46
Then aL= 1.511 lbs./in. aD =0.1841 b./in. b W= 0.144 lbs.jin.

aL– b W= 1.367 lbs./in.
By simple graphics.

WI= 1.389 lbs./in. Wz= 0.100 lb./in. w =1.370 lbs./in.
The running loads on lower front spar, upper rear spar,

found. Their values are given in the table below.

IL ANALYSISFOR HIGH SPEED.

(Incidence 20.)

(rz) Running loads on upper front spar,
Given L =2.256 D= O.141 W= O.313.

a= O.29 a=O.29 O= 0.460.

and lower rear spar are similarly ~

Then aL = 0.654 aD=O.041 bw=o.144 aL–6 W= O.510.

By graphics, WI= 0.517 w,= O.1O6 W= O.51O.

, The running loads on lower front spar, upper rear spar, and lower rear spar are similarly
found. Their values are given in the table below,

Groupingof dataandcomputationsfor runningloadswI,w2,w, on sparsfor lowandhighSpeeds.l
LOW SPEED.

Symbols. L D w a b’ aL aD bW aL-b W w, w, w
— . . — — — — — — . -

l?ro~t~;~:s:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.256 0:;;; 0.313 0.67 0:4j ::#: oj# 0.144 1.367 1.3890.100 1.370

Louder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 1.845 .286 .67 .131 1.105 1.127
Rea~pp&:

.095 1.112

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.256 .275 .313 .33 ,54 .744 .091 .169 .575 .583 .059 .580
Lower. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.845 .225 .286 .33 .54 .609 .074 .154 .455 .467 .049 .462

,,
HIGH SPEED. ‘

.
Front spars:

Upper. . . . . . . . . . ..- . . ------------------- f g5 0:;f; 0.313 O:;; 0::; 0:::; O::$; 0:;:; O::;: o;;;; o:::! 0::5;
Low’er. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .266

Rear spars:
Upper. . . . . . . . . . . ----------------------- 2.256
Lower

.141 .313 .71 .54 1.602 .100 .169 1.433 1.456 .282”
1.845 ,116 .285 .71 .54 1.309

1.436
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .082 .154 1.155 1.172 .226 1.158

I Thismethod of810Uin ofdata and computedvalueshas beenused;.6rst, to help the computerin dktiiguiehhg the runnin loadsand their
?$componentsat the spare or Ifierentspeeds;second,as a method ofaroupmgofdata and computedvaluesforready reference. %hetablebelow

givesthe oomputedvaluesonly.
Groupingof computedvaluesof runningloadeon epam.

I Low. 1“ High.

Speed-Plane of— Lift trussing. Drag truesing. Spar web. LM truestig. Dreg trussing. Spar web.

T

~ - T_._.

Front. Rear. Front. Rear. Front. Rear. Front. Rear. Front. Rear. Front. Rear.
.— — — — — —— — — . -

Running loadonupper spars. . . . . . . . . . . . . . . ~ ;:; 0:;;; 0:j:: 0:~: ~.;;; 0::5; 0.517 1.456 0.106 0:;~; 0.510 1.436
Running loadonlower spara. . . . . . . . . . . . . . . . .408 1.172 .084 .403 1.158
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Example 4.—Find the shears, moments, and reactiory for the upper and lower
of the biplane trussing shown in figure40, due to the uniform running loads fcmncl

front spins
in example

3; also the reactions o~ the spars in the planes of the lift and drag trussing and the shmrs tind
moments on each spar in the plane of the spar web.

1.SHEAR%MOMEXTS,REA~TIONSFORTHEFRONTSPARS DUE TO RUNNINGLOADS IN PLAXE OF FRONT STRUTS
. (LOW SPEED).

1, Vppw wing spaT.—The upper wing spar is considered as a continuous beam supported

at four points and having one o~erhanging end.

Given A=B=C=D=1.3891 lbs./ins.
a=30 ins.; i5=50 ins.; c=84 ins.; d=79 ins.

Then by the formulas of figure 15.
AuxiIiarySymbols.

l=l.389[(50)~+(84)'l)4.l.389(30)'50/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘217,970.21
ni=I:389[(ti)~+(79jJ/4............................................ ................................
h=2(50+84).......................................................................................
i=2(84+79).......................................................................................

Joint Bending Moments.

Jw.=I.389(30)2/2..................................................................................
~lf2=[217970.21(326)-377024.20(84)~268(326)-(84)2..................................................
M8=[217970.21-490.44(268)]/84....... ..............................................................
M4=o ............................................................................................

Siesm,ltight of Ph.

V1=(49O.44.625.O5)/5O.l.389(5O)/2.................................................................
V2=(10d0.14-490.44)/84=1.389(84)/2................................................................
77,=(0-1030.14)/79-1.389(79)/2...................................................................

Shear,LeftofPin.

U1=30(I.389).....................................................................................
U.=.37.41+l.389(50).............................................................................
U,=-51.91+1,389(84).............................................................................
u~=-67.89+L389(79).,, ,,, , ..,,..,,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . *.,,,.,.,,

Pin Reactiom

Els41,6f+37,41 . ...,,,,,,,.,6, ,,, ..,.,,,,,.. . . . . . . . . . . . . . . , . .,, ..,,,..0. ,,, .,, ..,,.... . . . . . . . . . . . .
&=92,04+51,91 . . . . . . . ...”.. . . ’ . . . . . . ...* . .,....4.,,.. . . . . . . . . . . . . . ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R2=64.76+67.89. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R4=41.84+0. . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Position of Maximum Moments.
xl=37.41/l.389. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
x2=51.91/l.389. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
z3=67.89/L389. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maximum Moments Between Joints.
.Wz.=625.05.(37.41)2/2(l.389). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
M~.=49O.44.(5l.9l)2/2(l.389).......................................................................
Mz8=lO3O.I4.(67.89)'/2(l.389).....................................................................

377,024.20
268.00
326.00

625.05
490.44

1,030.14
t).00

-37.41
-51.91
-67.89

41.67
32.04
64.7G

, 4L84

79,08
83,95

192.65
41,84

26.93
37.37
48.87

+121.27
-479.55
-628. ga

2. Lower wing spar. —The lower wing spar is considered as a continuous beam supported
at three points and having one overhanging end.

GivemA=B=C=l.127~ lbs. per h.; a=27 ins.; b=84 ins.; c=79 ins,

Then by formulas of fia~re 14.

IThe rummingIoad may be teken as unity. In the present problemit is the runnfngIoadin plane offrontlift trussing for lows~lecd. @ec
protdern3, Pt. 11.)

zAlloakulationswerecarried out two decimalplacesto insure acclirrwy primarily for comparingother methods of caIcuIation,asslfdc rule,
graphtcd, eta. @eeexemplo7, Pt. II, and fig.28.)

?Rumrtrcgload cnlowersparin planeoffrontIift trnssfngforlowspeed, (&e example3,Pt. II.)

, : : ..>..-
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Auxiliary Symbols.

l=l.l27[(843+793)/4l.l.l27(27)'84/2.....................................~........................... 271,401.60
h=2(84+79) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Joint Bending Moment.

df1=l.127(27)2/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Jfz=271401,60/326 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shears, Right of Section.

Vl=(832.52.410.79)/84 .l.127(84)/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
V2=(0.832.52)/79 .l.127(79)/2 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shears, Left of Section.

. Vl=27(l.127) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
V.=.42.32+l.127 (84) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
u3=.55.04+89.03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pin Reactions.
R1=30.&+42.31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R.=52.35+55.04 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R3=33.99+o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Position of Maximum Moments Between Joints.
xl=42.31/l.127 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
%=55. 04/1.127 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maximum Moments Between Joints.
Ml. =410.79.(42.31)2/2 (l.127) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
M/.=832 .52.(55. 04)2/2(l.127) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

326.00

410.79
832.52

-42.31
-55.04

30.42
52.35

33.99

72.73
107,39
33.99

37.54

48.83

-383.41
-511.49

II.REACTIONS OF SPARS IN PLANES OF LIFT AND DRAGZ’RUSSINGFOR.HIGH AND LOW SPEEDS.

The reactions in the planes of the lift and drag truesings for frdn.t and rear spars at high
and low speeds may be found from the known reactions on the front upper and 10wer spars,
by multiplying by the ratio of the running loads.’ In the table below the ratios of the running
loadb are given, as well as the running loads.

D&a and computed valuesjorreactions.

Speed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ... . . . . . . . . . . . . . . . . . . . . . . Low. I High.

Trwsb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...". . . . . . . . . . . . . . . . . Lift. Dr;g.

. 7 ~

Ltit. Dreg.

Front. Rear. Front. Rear. Front. Rear, Front. Rear.
— — — . .

RmniWloadon upper wars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.389 0.583 0.100 0:;5J 0.517
Ratio ofloa& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..ti... 1 L424 .072

1.456 0.106
.373 1.049

0.282
.077

{

70.08 ~33.52 15.69 13.40 129.49
,204

182.95 I 6.08. .
Rewtione ofupper spars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~:: 33.95 35.59

116.13
3.60 31.31

132.65 56.24 l%
88.06

5.70
6.46

;; 4J 1;; ;.
17.12

R4.. 41.84 17.74 3.01
10.21

1.79 .
2;:;

3.22. —. . . .—
Rrmnin loadonlower apwa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5
L 127 .469 .O% .049 . 40s 1.172

Ratioof oafs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..RI:. :416 .035 :044
.0s4 .226

{

7:.73
.362

30.25
1.040 .075 ,2Q0

Reactiom oflowar spars. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R~.I
6.18 3.20 26.40

107.39 44.67 9.12
75.63

4.72
5.45

;::: 111.68
14.54

Rw. 33.99 14.13 2.Ss
8.05

1.49 . 25.34
21.47

2.54 Il.79

1Thasevaluesare foundby multiplying the columnon extremeleft by the ratio ofloads.

III. .MOMENTSANTISHEARS IN PLANE OF SPAR WEB As FOUND FROM THOSE IN PLANE OF LIFTTRUSSINGFOR FRONT
SPARS ONLY.

The shears and moments in plane of spar web may be found directly, by tie equations of
figures 14, 15, 16, etc.; using a running load in the plane of the spar web, or indirectly by ratio
methods, that is, by ratio from a lmown analysis for unit loading or a running load in some
other plane. The table below gives the moments and shears in plane of spar web as found
from those in plane of lift trussing for front spars only. .,,

.1This is true only forsimilar epar lengths.

144416-20-4
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Dataandcontputedwakesfor montenkiand .diears.

LOW SPEED.

Front epar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . upper. Lower.

Ph,rreof. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~mL&. Spar web. Lift
trussing. Spar web.

Runni loads. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l
T

1.389 1.376 I. 127 L 112
Ratio o loads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9864 .6s67

{

62:.06 1616.54 41;.79 1405.32
Joint bendingmoments. . . . . . . . . . . . . . . %::1 49).44 483.77 83; 52 32~44

Ms...l 1,03}14 l,ol}i3
M4...,

{

...........................
Mrl..:+121.27 +119.62 –3S3.41 -278.31

Maximummomentsbetweenjoints . . . !d’f..b –479.55 –473.02 –511.49
AI’a.. -6X 98

-504.68
–a~ $

I

. . . . . . . . . . . . . . . . . . . . . . . . . . .
U1... 41.67 w. 42 20.01

Shears,left ofpins. . . . . . . . . . . . . . . . . . . . ~::: 32.04 31:66 52.35 51.65
64.76 63.S7 33.99 33.m

~. .’. 41.64 41.27 . . . . . . . . . . . . . . . ..=ii. ii...

{

–37.4f –36.w –42.31
Sheara.right ofpins. . . . . . . . . . . . . . . . . . VI::: –51.91 -51.20 –55.04 –5i Za

Vs... -67. W –68.96 . . . . . . . . . . . . . . . . . . . . . . . . . . .

.
I Found fromcolunmon left by usingratio 0110ads.

IV.MOMENTS AND SHEARS INPLANE OF SPAR WEB FOR ALL SPARS AT HIGH AND LOW SPEED,AS FOUND FROM D.4TA
IN TABLE UL

Xomimt.sandshearsfor spars.
UPPER SPARS.

Speeds.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Low.

Spar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I Front.

Rrmnfn Ioad
A

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ratioo oads... . . . . . . . . . . . . . . . ..- . . . . ..x~..

{

. .
Joint-bindingmoments. . . . . . . . . . . . . . . . ~:

{

2:
Maximummomentsbetweenjoints . . . . ~.

Ul::

{
Shaers,left ofpin. . . . . . . . . . . . . . . . . . . . . . ~::

U4..

{

Vi..
Shesrs,rlghtofpin . . . . . . . . . . . . . . . . . . . . Vs..

vs..

61;.64
433.77

1,01:13

Rear.

0:5g

126L41
206.11
430.63

+6:. n
-266.56
-26X05

17.42
la39
27:08
17.49

-16.64
-21;70
-28.39

1Fonnd fromcoimnnonleft by usingratfo ofleads.

LOWER SPARS.

Speeds... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Low.

spar.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .~ Front.

Runningload.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rntioolloeds.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I
IfI..!

Joint-bendingmoments. . . . . . . . . . . . . . . . M..

2::?.faximummomentsbetweenjoints. . . . ~z..

Sheare,left ofpin. . . . . . . . . . . . . . . . . . . . . .

1

W*::
L’s..

Sharm,rightofpin. . . . . . . . . . . . . . . . . . . . . ~::

40:.22
32;44

–378.31
-504.m
30.01
51.65
33.63

-4L74
–5L30

Rear.

0.462
.416

16S.61
34;71

–157.37
–209.94
u.48
:;;:

–17:36
-22.63

H&h.

Front. Rear.

I
0.510 L436
.373 I.04s

1242.34 1626.13
190.12 W3.99
399.33 1,06$90

+4!.07 +125.36
-136.89 -49.%72
-343.32 -aw..m.
16.15 43.07
12.11 33.11
~;; M.93

43.25
–14:50 -24.67
-m.12 –63.65
–20.31 –m.17

I

H&h.

Front. Rear,

I
0.402 L158
.363 L042

147.13 422.34
12$04 855,94

-57.12 -39!.19
–76.20 -525.87
4.53 31.27
7.79 53.81
5.07 35.04

–6.20 –43.49
-3.19 -.56.53

I

A closeexamination of the foregoingresultswillshow that the greateststressesoccur in

—

the front spars for low speed and the rear spars for high speeds.
Example 5.—Find and plot the resultant moment due to the uniform loading and the

eccentric stay wire attachments shown in figure 18.
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L GENERAL DATA.

b=50 in.; K1=O; P=o
c=84 in.; K,= 0.023 ; Q =228
d=79 in.; K,= O.025; l?=460

II. COMPK?TATIONS.

Consider the vertical components of the stay forces as concentrated loads on the con-
tinuous beam and apply the theorum of Brwse as given in figuro 11 and explained in figure 12.

Applicationof Theorems to Spans (b) and (c).

M,b + 2J4z(b + c) + .@= –Pb2(K1 – K13)– Qc~(2Kz– 3 &Z + K23)

0+2 J4,(50 + 84) + 84ikf, = O– 228(84)2(0.04628)
.“. 268 M,+84J18= –74,453.78

Applicationof Theorems to Spans (c) and (d).

~,c+2~,(c+d) + M,(l= –Qc2(K, – K.)–l?d’(2K, -3z’$+ K;)
84 MZ+2MS(84+79)+O= – 228(84) ’(0.024) – 460(79)2 (0,04812)
,“. 84 M,+326M3= –176,756.21

By elimination
M1=O; M,=–117; M3=–512; M,=O

S13EAllSAT RIGHT OF PINS.

Vi= (JZ,– M,)/b+~(l - K,)
=(–117+o)/50+0 =–2.34.

~,= (M3– JI,)/c+Q(l– K,)
= (–512+117)/84+228(1–0.024) = +217.83.

~,= (M,– M,)/d+l?(l. - K3)
= (o+512)/79+460(~ –0.025) = +454.98.

SHEARS AT LEFT OF PINS.
u,= o.

U2= VI–P

= –2.34–o= –2.34,
V,= V,-Q

= +217.83–228= –10.17.
V,= V3–R

= 454.98 – 460 = – 5.02.

PIN REACTIONS.
R1=V1– U,

= –2.34–o= –2.34.
R,= V,– U,

= +217.83+2.34= +220.17.
R,= V,– Z7,

= +454.98+ 10.17= +465,15.
R4=V,– U,

= +0+5.02= +5.02.

R1+R2+R3+R4=688.
P +Q +B = 688.

MOMENTS AT POSITIONSOF LOADS.

.

M’2 = M2+ V2Z
= –117+217.83(2) = +318.66.

34’, = M, + ~,x
= –512+*54.98(2) = +397,96.
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111.GEtAPHICALRESULTS.

l?igure1g shows separately the moment curve for the uniformly loaded beam, that for the
“eccentric stay wires, and their resultant,

~xamp?e 6’.-Complete the deflections in plane of spar web for all panels of tlw biplane
trussing of figure 40, using the results of Table lV, example 4.

L UPPERSPARS.

(1) Data. table for use in computing deflections on front upper. spar. (See Tublc IV,>..
examp~e A, and formula for deflectio~ in fig. 14.)

—.. .-—
[ span.......................................................

i~dc. ld,
Joint-bendingmoments(M)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ti17 1,017
Shems,right of pin(V) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -~ 2: -:;
Distancetomaximummoment (z). . . . . . . . . . . . . . . . . . . . . . . . .
p~;;::::{::::::::::::::: . . . . . . . . . . . . . . . . . . . . . . . . . . . ,5:

1.3% I.3;
hfomentofinertia 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1Moduhrsofelssticiy(E) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,33;k l,3&%o I 1,84%0

-. ., .,-,

...... :-

(2) Computations.
The general formula for deflection, figure 14, is

d (=y)=– @2 M(.z– x) +4 V (z’– !#) + W(.Z3– z3)]/24EI.

(a) ~;omput.ationfor span 3:

(1–x)=23 (la–z’) =1,771 (P-x3) =105,317.

d= –27 [12(617) (23) –4(37) (1,771)+ 1.37 (105,317) ]/24 (1,8 S0,000) (2.82) = –0.011 1,‘

(b) Computations for span c:

Q-z) =46 (Z’–zz) =5,612 (P-z’) =537,832,

d = -38[12(484)46 –4(52)5,612 -1-1.37( 537,832 )]/127,283,400 =0.04S illCheS.

(c) Computations for span a:

(1– Z) =30 (12– &) =3,840 (1$–~’) =375,390,

d= –49[12(1 ,017)30 – 4(67)3,840 + 1.37(375,390)]/127,238,400 = 0.057 inches.

(3) Computation 2 table for cleffect,ionsin upper spars at high and low spcwls as found
from upper front spar at low speed.

UPPER SPARS,

Spwds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . High. Low.

_ T ::~ ::@am. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...- Front.

Ratio ofruntiW. lmd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Ratio ofmomentsofinertie a. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I

I 1

i 2L5 1. ~ 215
Product ofratios. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i. .1 .515 .373

{

1.773
.011 ~.005

S~ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c: : .0t3
4.KM 4.014

.024 .017
d .057 .029

.001
. . ,021 .072

IDeflectionsueualiy turn out +; this k au exception.
~Aildeflectionsin the uppe-rspare,essmm

a givenspeedamdIq.ding by a sim le ratio.
Cf

“~di uppers~2r3to have thoeeme spans, may be foundfromthosecompuh?dforthe front spar for
T .s ratio is dm?otlydependent upon the ratio of the rurudng Ioeds and the irnwrsemtio of the

momentsofinertia, 1.e., theirProUct:
#Iuverseratioofmomentsofinertia.
~Found fromvaluesin firstcolumnby usingratio Uguredirectlyabove.



AIRPLANE STRESS ANALYSIS.

(1) Data table for use in computing deflections on front lower spar:
LOWERSPARS;

spm....... ... . .. .. ... .... . .. .... .. ... . ... ... .. . ... .. .... .. .... . .. .. .. . ... c. d.

Jotit.bendtigmommts(.M) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8?:
Shems.ri htofpfi(v) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

#
:!!

Distance omaximummomsnt(z) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 -~
Lsn@hofspm(l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
R@gload (w). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1?!4 1.112
lIommtsofinsrtia(I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.82 2.82
ModtiusofeIMtioity(E) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,880,0001,880,000

,

(2) Computations.

, I

The general formula for deflection is
d(=y)=–x[12ill(Z-z) +4~(1’–z’)+w(7S–z’)]/24111

(a) Computation for span c:

(1–x)=46; (t2–z2)=5#12; (lS–ZS )=537,832
d= -38[12(406)46 -4(42)5,612+ 1,112 (537,832) ]/127,238,400=0.036 inch

(h) Computations for span d:
d= – 49[12(822)30 - 4(55)3,840 + 1.112 (375,390 )]/127,238,400 = 0.051 inch

(3) Computation table for deflections in lower spars at high and low speeds as found
from lower front spar at low speed,

LOVVERSPARS,

Speeds... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . High. Low.

spins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I?ronto Rear. Front. Rear.
— — — .

Ratio ofrunningloads. . . . -. . ..--- .-”. -.-. ”-. ---.. ”.-”. -..-..) ; 0.416 ~ 863 1.042.
Ratio ofmomentsofinerti8.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.215 L216
Prtinot ofratios.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .605 .363 1.266

{d.. :8% :%; :!;; :$:spm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c..

. . . ,.-

Ew--n@e 7.—Find the concentrated loads on the lift trussing of example 4, given the weight
of the struts, stays, cabanee, etc.

1,PINREACTIONMETHOD.

Computation table for concentrated loads on upper and lower pin joirits as found in tables
for spar reactions of example 4 and the given weights of attached struts, stays, wires, etc.
(G’, H’,1’; G, H, I)aresymbols forconcentrated loads in figure 22.

FRONT UPPER PIN JOINTS.
.

‘“ Beam
reaotione Weights Praet!oal

Concentratedloadsymbol(fig.22).
?#llr ;:%. ‘et ‘oad. %!!%g
trussing.

G’.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79.08 0.5s 78.52 79
H'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.75
1’

4.17 79.78
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132.65 4.22 128,43 l%

FRONT LOWER PIN JOINTS.

G.................................................... o
7:.73

0
6:.01

F:::::::::::::::::::::::::::::::::::::::::::::::::::
4.72

107.39 4.77 102.62 1%

REAR UPPER PIN JOINTS.

REAR LOWER PIN JOINTS.

G... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
H

o
7;.63

0
. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.72

I
7;. 91

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111.66 4.77 106,91 1:;
.- . . . . --, . .

!Seeappiication inproblem 11,



30 ANNUAL REPORT A’ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

U.ZERO SHEAR METHOD.

The concentrated lo~ds may also be found by a method similar to that used for the dmg
trussing in figure 21 and example 8; i. e., briefly, by multiplying the running loads by the
distance between zero shears and subtracting the weights of struts and stuys.

Example 8.—Given the resistance of the front struts and stays and the running load,
find the concentrated loacls on the drag trussing of example 4 by the zero shear method.

(a) Concentrated loacls on upper front spar:

Given ~=B= C= D= O.1OOlb. per in.
xl=26.93; ZZ=37.37; xa=48.87
a=30; 6=50; c=84; cZ=79.

Then by formulas of figure 21,

G=o.13 +0.100(301 +0.100(26.93) =5.82 ‘
H= 0.36+ 0.100(50 – 26.93) + 0.100(37.37) =6.40
1=0.53 + 0.100(84– 37) +0.100(48.87)= 10.07.

(6) Concentrated loads on rear upper spar:

Given A=13 = C= O.059 lb. per in.

a, b, c, xl, Xz,X3m above.
G’= 0.13 + 0.059(30) +0.059(26.93) =3.48
H’= 0.36 + 0.059(50 – 26.93) +0.059(37.37) =3.92
I’ =0.53+ 0.059(84 –37.37) +0.059(48.87)= 6.16.

~zample f?.-Given the resistance of the strut and stays at high and low speeds; find the
concentrated loads on the drjft trussings for both speeds, using values of the pin reactions
found in example 4.

Computation tableJorconwntratedloadson upper and 10IMTdr-~ttru.wingafor low and highspeeds,
LOW SPEED. -

t

Front spw.

LoadsymboL Raaetion, R:&t” Total.

(c+. ....... .. ...
upperdragtmelng

I

I ~---”--”’. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
j J .. . . . . . . . . . . . .
] g .. . . . . . . . . . . .

1{
.............

Lowerdmgtruesing... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
F . . . . . . . . . . . . .

; J. . . . . . . . . . . . . .

6.69
6.04

9:&

6:$

9:!fJ
.00

0:;; f- 15,62
&46

;; 10:!!

.41 6:%

.00
:56 9:!%
.06 .CK1

1 I -.1.

HIGH SPEED.

Roarspar,

Loadsymbol. Raaetion, R#gt” Total,
. — .

Q’.. . . . . . . . . . . .
. . . . . . . . . . . .

E . . .. . . . . . . . .
J’. . . . . . . . . . . . .
K’. . . . . . . . . . . .

. . .. . . . . . . . . .
:’ . . . . . . . . . . . .
1’. . . . . . . . . . . . . .
J’. . . . . . . . . . . . .

3,40
8s60

s:

3.xl
.G6

4.?2
.013

0.18
,41
.(r)

:%
.41
.00
.58
.06

8.63
4.01

~:

3.61

5:%
.00

. . . ...

I
............. 6.06 f

E .. . . . . . . . . . . .
0.37 6,45 G’

6.46 1.18
.. . . . . . . . . . . . 16.13

7.64 H’. . . . . . . . . . . .
0.37 lG.54

Upper drag truing.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. . . . . . . . . ...’..
17.12 1.18 18.30

g . . . . . . . . . . . .
,00 , I’ . . . . . . . . . . . . .

10:% 1:% 11:% / g . . . . . . . . . . . . 27:% 1;{ 2s:??.. . . . . . . . . . . .

{

5:% l:R
. . . . . . . . . . . .

. . . . . . . . . . . .
k . . . . . . . . . .

0.62 G’.. . . . . . . . . . . . Ii: 1.18 15:%
Lowerdragtrussln g. . . . . . . . . . . . . . . . . . . . . . . . . . . . ~-..: .Oo H’. . . . . . . . . . . .

. . . . . . . . . . . . 8:% F l:ti
J

9473 I’. . . . . . . . . . . . ..~ I .~ 21:2 1:8 2’4:n. . . . . . . . . . . . . .
I .

,Ixl K’.. . . . . . . . . . . . .00 .00 .00
1’

1Seeapplicationin example12.

ll~a~@ 10.—h aileron bearing a uniform pressure of 20 pounds per square foot lms
the dimensions and structural form showu in figure 38. Find the stresses in the stay wires.

1.BEAM:REACTIONS.

The rear beam of the aileron is considered as continuous and supported by the sttiysat

three points, with both ends overhanging. The vertical reactions of these stays have pre-
viously been found in example .2. Reactions as found in example 2.

R,= 48.8 lbs, ; R,= 109.7 lbs. ; R,= 48.8 lbs.

1Comparewithmoregeneralsolutionin example9.
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II.TENSIONS IN STAYS.

The tensions in the three stay wires are found from the reactions above and the dimen-
sions given in figure 38. By the formula of figtire 24.

(a) For center stay:

Given r =22.72 ins.; z= 13.37 ins.; Z= 109.7.

Then by figure 24,

T,=ll=Zr/z= 109.7(22.72)/13.37 = 186 lbs.

(6) For each outer stay:

Given ?’=61.78; z= 13.37; Z=48.8,

Then by figure 24,

T,= T,= R= Zr/z=48.8(61.78 )/13.37=225 lbs.

lkxrmple Il.—Find the endwise stresses in the struts, stays, and spars of the front lift
trussing, figure 40 for low speed and the rear lift trussing foi high speed.

I. STRESSES IN FRONT LIFT TRUSSING FOR LOW SPEED. “

1.GENERAL DATA.1

G=o ‘ G’=79 b=50 p=80.3
H=69 H’= 80 c=84 Q=104.9
1= 103 l’=l~g d=79 ?’=100. 9

h=62,9

By figure 22:
2. ANALYTICALSOLUTION.

Strut Stre$seso
P=G

=0=0
Q= G+G’+H

=0+79+69=149.00
R= G+ G’+H+H’+I

=0+79+69+80+103=331.00

Stsy Stresses.

P’=p(G+G’)/h
=80. 3 (0+79)/62. 9 = 100.85

Q’=q(G+t7’+H+H’)/h
=104. 9 (0+79+69+80)/62. 9=380, 24

R’=r(G+G’’ +H+H’+I+I’)/h
=100. 9 (0+79+69+80+ 103+ 129)/62.9 =737,90

Spar Stresses.

P“ = (G+ G’)6/h
= (O+ 79) 50/62.9= 62.79

Q“= (G+ G’)(Z)+C) +c(H+H’)/h
= (O+ 79) (50+ 84)+ 84(69+ 80) 62.9= 367.28

R“= (G+ G’) (b+c+d) (c+(i) (H+ H’) +d(I+l’)/h
= (O+79) (50+ 84+ 79)+ (84+ 79) (69 +80) +79

(103 + 129) 62. 9-= 945.02

~ second method may be used to find the same values by using only the equation on the
right of figure 22.

1Seeexample7.
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StrutStresses.

P= G=O.00
Q= P+G’+H

=0+79+69=148.00
R= Q+H’+1

=14g+80+ 103=331 .00

Factors,
nl=(P+G)/h

(0+79)/62. 9=’ 1.255
nZ=(Q+H)/h

(148 + 80) 62. g = 3.624
n~= (E+ 1)/h

(331 + 129)/62. 9=7. 313

Stay Stresses.
P’ =pnl

i = 80. 3(1. 255)= 100.77
Q’=gn,

=104. 9 (3. 624) =380. 15
R’=rn3

=100. 9(7. 313) =737. M

Spsr Stresses.
plf = ~n,

=50 (1. 254) = 62.70
Q“=P+cn,

=62, 70+84(3. 624) =367, 11. .
R“=Q+dn,

=367. 11 +79 (7, 313] =944,83

s, GRAl?~leA~SOLIITION,

The graphical solution is similar to that shown in figure 27!

II, STRESSES IN REAR LIFT TRUSSING FO13HIGH SPEED,

GENERALDATA,

Q=o @ =83 ?l=50 p=80, 3
H=71 R’= 84 c=84 q=lo4.9
I= 107 1’=135 d=79 ?’=100.9

h=62.9

Solve as in I above. ResuIt.sgiven in t,abIebelow,

Ill REFERENCE TABLE FOR STRESSES IN LIFT TRUSSHWGSFOR HIGH AND LOW SPEEDS.

. LOWSPEED.

Symbol. strut stay Upper Lower
stre=cs. stresses.St%%s. str%%

- . . .
P... ..... .. .. .. ... ... .. .. .. ... .. . .... . ..... .. .. .. .. .. .. .. .. .. 101 53 0
f ........................................................... 331
........................................................... :: 738 :2 3%

11.IGHSPEED.

:.:.:::.::::::::::::::::::::::::::::::::::::::::::::::::::::

1“.!~i ’06T ~

o
$9 3:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 987 4:

ICarryout Wreedecimalptaces, ~Found [mmstressesin upper spar,

--- .. ,-*

_.-.. .. ..ti
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7izampZe i2.—Find the stresses in the drag trussings figure 40, due to the concentrated loads
Ijf example 9.

I. STRESSES IN UPPER DRAG TRUSSING FOR LOW SPEED.I

GENERAL DATA. ●

G’=3.53 G=5.82 “ l)=50 . p=60.4
H’= 4.01 H=6.45 c=42 q=54.o
I’= .00 I= .00 d=42” r=54.O

J’=6.28 J=1o.I3 e=38.5 i=51.3
K’= .00 K= .00 j’=38.5 t=51.3

7?J=34

II. STRESSES IN LOWER DRAG TRUSSING FOR LOW SPEED.

GENERAL DATA.

(i=6.59 @=3.61 8=42

11= .00 H’= .00 c=42
1=9.70 1’= 5.30 d=38.5

J=,.oo J’= .00 e=38.5

111.STRESSES IN UPPER TRUSSIhrG FOR

GENERALDATA.

G= 6.45 G’=16.50 7)=50
H= 7.64 “H’= 18.30. c=42
1= ,00 I’=, .00 d=42
J=ll.89 J’=28.74 e=38.5
K= ,00 K’= ,00 f=38.5

. . .

p=54
*=54 :

r=51.3
,.

S=51.3 ,., ,

HIGH SPEED.

p=60.4
q=54
r=54
S=51.3
t=51.3 “

“ IV. STRESSES IN LOWER DRAG TRUSSING FOR HIGH SPEED.

GENERAL DATA.

G=6.63 G’= 15.72 6=42 p=54
H= ,00 H’= .00 0=42 q=54
1=9.73 1’=23.15 d=38.5 r=51.3
J= .00 , J’= ,00 e=38.5 S=51.3

. ... .
Reference tablejor stressesin dragtrussesfor low and high speed.

STRESSES ON MEMBERS OF LOWER DRAG TRUSS.
.- .

Lowepeed. H@ speed.

Symbol,
struts. Stays. Rear ~I@ Stints: Stays. Rear Front .

s@&r. spar. spar. spar,
. — . - — — — —

,; . . . . . . . . . . . . . . . . . 16.2 126 0 6.6 ~.: 27.6
.. . . . . . . . . . . . . . . . . It: 16.2 2S.2 12.6 22.4 55.2 2!.6

19.9 38.0 53.7 32.1 23:3
?.......:::::::::::::: ~. 2

117.7
2; 55.2 S3.3

55.2
38.0 52.2 180.2 117.7

.
STRESSES ?N MEMBERS OF UPPER DRAG TRUS5.

P.. . . . . . . . . . . . . . . . . 16.6 13.8 33.8.
g..: . . . . . . . . . . . . . . 1!; 31.4 38.2 1:.s 3;.! $: 94.1 3:.8

. . . . . . . . . . . . . . . . 19.8 31.4 62.6 2a2 48.9 77.6 154.5 94.1
s . . . . . . . . . . . . . . . . . . 29.9 5416 103.6 60.S 135.0 %56.a 154.5
T.. . . . . . . . . . . . . . . . . 36.2 54.6 144.6 i%: . 89.5 135.0 357.1 255.8

~wzmpk ~3.—Find the stresses and factors of safety in the spars, struts, and stays shown
in figure 40 for low and high speeds, respectively.

1The solutionsforthis exampleare einrflarto thosein example11, The arrengemeptofdata fQrthe differentcsees and tabulated reetrlts”ero
glvonbelow.

144416–20—6 .
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1. GENERAL DATA.

Table I below gives the principal data, stresses, and factors of safety for the spars, struts,
and stays. All other data required in the solution of this txample maybe found in the separate

● problems or in the diagrammatic form in figure 28.

I I
Strtwg

SymboLl ?&mber. ikiaterial. par

~ ‘E;.1

Spare
A... . . . . . . . . Front spar.. spruce. .
B.. . . . . . . . . . . . . ..do... . . . . . ..do.. . . .
4?. . . . . . . . . . . . . . ..do. . . . . . . . ..do. . . . .
D... . . . . . . . . . . . ..do.. . . . . . . ..do.. . . .

. . . . . . . . . . . . . . ..do .. . . . . . . ..do.. . . .
; . . . . . . . . . . . Reartispar... . ..d$.....
G... . . . . . . . . . . . . . . . . . . . . . . . . . . . .
H . . . . . . . . . . . . . ..do .. . . . . . -.-do.. . . .

do. .. . . . . . ..do.. . . .
k:::::::::: ::::: do....... . ..do .. . . .

;:um$
Strut&:

. . . . . . . . . . Front . . . . . . . ..-do.. . .
L

l,lti
. . . . . . . . . . . . . . ..do. . . . . . . . ..do.. . . . 2,830

$... . . . . . Rear. . . . . . . . . ..do.. . . . 1,100
. .. . . . . . . . . . . . ..do.. . . . . . ..-do .. . . . 2,800

Oably
.. . . . . . . . . . Front . . . . . . . SteaI. . . .
. . . . . . . . . . . . . . ..do. . . . . . . ..-do . .. . .

;:-:::::::: .R..~::::::: :::g..-.

s . . . . . . . . . . . . . . . . .. . . . . . . ..do.::::
2’. . . . . . . . . . . . . . ..% . .. . . . . .--do... . .

4,200
6,400
6,400
4,7ciI
0,403
6.400

ection
area

l%%

2.63
2.63
2.63
2.63
263
2.26
3.26
3.26
226
3.26

2.89
4.87
2.89
4.87

Wlrlls
rmb~u

;
2
2
2
2

TABLE L

of
lnertla.

2.82
2.82
2,82
2.82
2.62
2.32
2.32
2.32
2.32
2.32

.“279

.792

.279

.792

Diuru-

J

‘1

2

I For lowspeed. I?or~lghspeed.

3ection Fiber etress( oonds
k

Fiber StrCSS(pOllUdS
modn-

llrs.
peI SqU0D3ch). Ftwor

per squareinch).
l?asstor

Bend-
-.

Lift. Drag. ‘fe’J’. ‘A;!-i Lift.
DHg. ~fety.

Ill ?J;l .---...!-.-.---.-.l....-..l------
-10
-24
-5
-10

1.16 . . . . . . ..~. . . . . . . . . . . . . . . . . . . . . . . . +:
1.16 *!
1.16 -... -...’ ---------- ‘------ ““----- *i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1.16 . . . . . . ..1. . . . . . . . . . . . . . . . . . . . . . . . +1

11.16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +1

Ju. z . . . . . . ... . . . . . . . . . . . . . . . .I . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1;: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
14.9..............%.....ii........

339, 13.2
118 118 48 0.4
ala 79
738 –3% It:
138 -118 K , 10.0

... ,
I

hems. .
0.29 . . . . . ...1 148 . . . .
6.29 ‘,-.------, t381 . . . .

.54 . . . . . . . 7.1
. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . d45 . . . . . . . 6.1

Ilkrmh.!
pZn$, ?%’3s.

.. . . 7s4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . 8.4 . . . . . . . . . . . . . . . . . . . . . . . . -..z..
6.28 i....... 1. \ 1’-. . . . . . . . . . ------- ------- ------- ..

Fsotursofesfetyare givenforPohta oi Smtest resrdtrmttensileor compressivestress.

2. SOLUTION FOR SPARS,

TABLE IL- Valussof fhebendingmomnts (Q, thetensions(-), andeontpredm.s(+) on eachsparat thepoiniknwi+.?d
“x” ‘iTr.jfg.,%%,

FOR LOW SPEED,

Sgmlml.

,t

L%d#s Lfod&d&6
Bendfns
moment. truss. truss.

Irack-
porJnd#. Pounds. Porby#.

A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 617 +63

~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
*1,016 +363 ~g ;
+1,016 +945

:..."-.---.."-."...".-----.--"-"----.."---."."--"--".-.."--------
+ 822 -63 -12.6

................................................................ * 822 -36# -25.2

FOR HIGH SPEED.

F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
G

+ 626
+1,035

33.8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3::

+1,065
154.5

;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ,*W
255.8

* 656 -9% 56.2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -334 117.7

.-

1T~ valuesabove r.aaybe fowulin e%ampka4, 11,12,or in ligure%3iu diagrsnunaticfOHtL

.
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TABLE 111.—Computations for resultuntjiber stressesfor low speed.l

LOW SPEED (COMPRESSIVE STRESSES).

I 1. I J
BmdW,tie,, \ EcIuivalentcom-

Member. compression. pres;i~.t$:; due Coyg:$ve

Sb= iWfZ h%;% Sb Sc.

A............................ S328 178
B.. . . . . . . . . . . . . . . . . . . . . . . . . . .
c

540 294 1%
............................ 540 294 336

1

LOW SPEED (TENSILE STRESSES).

I
Resultant com-

1
-

pressivestress.

;:3

630
1

Be;din~o$ess Equivalent tensile
stressdue to Tensilestrese. Resul:t~;teneile

Member.
Sb= 3flZ ben?3:&

hl%=~ & St. S=S,+l#$#!!ib

I R::::::::::::::::::::::::::
-437

I

-719 I -29
-437

I

-748
-719 -150 -869 ‘ I

1SparsA, B, C, D, E have the lowestfactorsof~afetyfo~lows eed.
r?~An addltionrdbendhg stressdue to detlectlonIesometunes& ded to tbls stre.se.

Example for member A in table above. (See Tables I and II.)
Sj=+/z

=617/1.88 =328 lbs. per sq. in.
13quivalent compressive stress due to bending (see section 7

N&=4,300(328)/7,900 = 178 lbs. per sq. in.
Compressive stress S’c is the resultant compressive stress as

three, Table II, and cross-sectional area, Table I.

.

and formida 8).

found from columns two and

Se= 63/2.63 =24 pounds per square inch.

Resultant compressive stress. (Add columns 2 and 3 above.)

S =Sc+ 4,3@(sb)/7,900.
=24 +178 =202 pounds per square inch.

This value is then used to determke the factor of safety. Compressive strength is 4,3oo
pounds per square inch.

Factor of safety= 4,300/202 =21.2.*

TABLE IV.—Computations for resultantJber stressesjorhighspeed.~

HIGH SPEED(COMPRESSIVESTRESSES).

Equivr+lent com-
mendingstress presslve st;ass Co~#pr~sive

ResuItant com-

Member. due to4beedmg, pressiv; :tsss,
compression,,.

Sb= df/Z. ~sb= *N Sb. &. ‘ S=SC+&o Sb.

F . . . . . . . . . . . . . . . . . . . . . . . . . . . . 589 294
G............................ 918

325
499

E
1%

918
665

........................... 499 382 881

HIGH SPEED(TENSILESTRESS).

Equivalenttensile
Berxltl~o~trese stress due tO COmressive

Resti;:Wn~?

Member. bending, 1’tensigtstress,
Sb= ~1~. NSb=1% i?bt. . S-st+%sb.

-378I –1,214
:.::::::::::::::::::::::::::: I -1,217

-738 -1,214 :; -1,296

ISpars F, G, H, I, J have usually the lowestfactorsofsafetyforhigh spewl.
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Example for member 1 in table above:

t%= M/z.
=856/1.1 6 =738 pounds per square inch.

Equivalent tensile stress due to bending.

N~h = 13,000 &/7,900.
= 13,000(738)/7,900= 1,214 pounds per square inch.

Tensile stress i?f is the resultant tensiIe stress as found from columns 2 and 3, Ttdh H],
cross-question area in Table I.

St= - 10.8/3.26 = –3 pounds per square inch.

Resultant tensile stress (add columns 2 and 3).

8 =8t 13,000 8J71900.
= – 3-1 ,214= – 1,217 pounds ~er square inch.

This value of strew is used in determining the factors of sufety:

Factor of safety= 13,000/1,217= 10.6. Ans,

%SOLUTIONFOR STRUTS.

The data for the struts with the resultant loads upon them are given in Table I. Tho value
for strength of struts is best found by actual test, in the case of design they ‘me computed.
In the table a+ove it is the actual strength by test. The loading is taken from the Iift truss
diagram in figure 28 or from example 11. The factor of safot.y is found in the usual rmmner.

4. SOLUTIONSFORc#iBLESORSTAYS.

The same analysis applies to cabl~ as to struts. The strength of the cables is usually
known from tests made by the manufacturer.

Exumpk il.—Find the stresses in the principal members of the wing trussing in figure 40, Il.e
to a uniform air pressure of 20 pounds per square foot on the aileron surface in figure 38, c

(a)

(b)
(c)

1.GENERAL DATA.

Eccentric load =414 pourids; eccentricity= 9.45+ 17.
Torque at each station= 414x26.45= 10,950 in./lbs,
Lengths of stays i3, T, U, V. (See fig. 34.)

I First psnel. I %condpane!. I

.-
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(i?) Computation tables for direction cosines,

Directioncosines.
symbol. 1 x “Y z

Sz I Lsy I 8.

i%............... ............. 90.6
:% : I -629 :0:;;:1 +o:;::i%.......... .. . ... .. ... . .. .. .. 86.0 , -62.9

Directioncosines.
Spbol. 1 x Y z

tz tgl t,
. — — — .

;;::.”.”.:::::::::::::::::::::::
104.9 –64 -34 0
10Lo -79

-0.801 –O.324
–34 o – .782 -.336

1:
. . Directioncosines.

Symbol. 1 x ,Y z
u= % Uz

— — — — . _ _

:;::”::: -:::::::: . . . . . . . . . . . .
. . . . . . . . . . . . 90.G -84 0 +62.9 -0.927 0 +0. 694

. . 86.0 –79 o +62.9 - .91s o + .731

Directioncosines.
symbol. 1 x Y z

v. I Vgl v,

v, ... ........................ 104.9I :\-0.801
vi...........................’101.0

‘;; l ~1 l+”w 8
2. SOLUTION.

(a) Stresses insta~'s transmittingt orqueforcesf romstatiollNo. ltostaiion No. 2.
Given (see fig. 34):

1=35.8 ins.; a=34 ins.; ?5=62.9 ins.
Torque=10,950in./lbs.

Then by formulas of figure 34: .

R= Torque /41
=10,950/4(35,8) --------------------------------------------------------- 76.4

P =Rb/21
=76.466 (62.9 )/2(35 .8)----- .-------: --------------------------------------- 67,2

Q =Ra/21
=76.466 (34)/2 (35,8 )----------------------------------------------------- 36.3.

Since this problem comes under special case I, right prismatic truss, then, the general
equations of figure 34 rwluces to

tyT= – 2P 8X8+ S“=0
Uzu= +2Q txT+T’=O
Vyv= +2P Uxv+ V1=O
Szs = + 2Q Vxv+v’=o

Solution is then

1. q= – 2P/ty.
T1=-2(6702)/(-0.324 )------------------------------------------------------- 414,9

2. VI= +2Q/uz.
V1=+2(3603)/(0.694 )---. ----------- .----, --------: ------------------------- 104.6

3. v,= –2P/vy.
V,=-2(67.2)/(-0.324 )----------------------------------------------------- 414.9

4. S1= +2 Q/sz.
S1=+2(3603)/(0.694 )-------------------------------------------------------- 104.6”
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stressesin sta.vstransmittingtorque forcesfrom stationNo. ~ to st~ti~nNo. ~.
The values of 1, a.,“U,F’, uncl Q me the same as in the first panel.

T,= – 2P/t,
T,=-2(67.2)/(- O.336)------------------------------------------------------ 4W. u
C,= +2Q/u.
T7,=+2(36.3)/(0.73 l)--- ..-------------- .-------: --------------------------- 99.3

v’,= – 2P/vy
17,=-2(67.2 )/(- 0.336)- ._------ .--------------- z.--- .----= ------------------ 400.0
& = +20/s.
S;=+2~36:3)/(0.73 l)-------------------------------------------------------- g~.~

.i%cm@e 15,-Given the data, for figure 25, as below, solm for the tensions in the stuy wirw;

_L=145 lbs.; m=60 in.; n=50 in.; y=99.S in. q=94.2 in.; A= O.012 MI. in.; B= O.012 sq.
in.; 23=30,000,000.

DATA.
.L=1451bs.; m=60 in.; n=50 in.
p=99.8 in.; q=94.2 in.
A=o.012 sq. in.; B=O.012 sq. in.; E=30,000,000.

B-y f~rnmlas in figure 25:
80LETION.

P= LAmg’/(Am2q’/p + Bnzp2/q)
P=[145(0.012)60 (94.2 )’]/[(0.012) (60) ’(94.2 )’/99.S +0.012 (502} (99. S)’/94.2]= 132.1 lbs.
Q =LBnp’/(Am’q’}p + Bn’p2/q)

= 14.5(0.012 )50(99 .8) ’/[constant] 1= 123.u lbs.

PROBLEMS IN PART IIL

Air&me Body Stresses.

lhmyle 1.—h elevator bearing a uniform pressure of 20 pounds ~er scpm.re foot has the

dimensions and structural form shoym in figure 37. Find the moment. atxmt t.hc hinge and

the stresses in stays and the control wires; also the hinge reactions.

(A)MOMENT ABOUT HINGE.

The moment about the hinge is equal to the product
and the distance from the hinge axis to the centroid.
Given A= 11 square feet,; P =20 pounds per square foot.

Dista.ncwto centroid = 15 in.
‘hen moment =11 c20) 15 = 3,300 inch-pounds.

of the aree,, the uniform pressure,

(B) TENS1ONIN CONTROLWIRE.

The control wire pull times its distance from the hinge axis is ecpml to the moment in

(a) above.

Tension in control wire= 3,300/7.75 =425.8 pounds.

on

on

—

----~ .=

-.

(C)TENSION IN STAY WIRES.

The vertical reactions of the stays are approximately equal to one-half the total Iotid
the elevator. Consider the stays as attached to a flexible rib, forming a continuous bwun
three supports.
Then by table in figure 13, given Ax P=220 pounds.; bll= 1.

wl=220/4 =55 pounds.
R,=R3 = 0.375(55) =20.62 pounds.
l?, = 1.25 (55)= 6S.75 pounds.
Check Bl+l?, +l?, = 110 pouds.

. ..
1Use denomimtores founddhecffyabove.
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From these reactions may, be found the tensions in the stay wires by a treatment similar
to that used to find the tensions in aileron stays. (See example 10, Pt. II.)

(D)HI~GEREACTIONS.

The vertical hinge reactions may be considered as due to a uniformly loaded beam sup-
ported at three points and bearing one-half the total load on the elevator. The reactions are
approximately equal to those found in (c) above. To the middle reaction must be added
the vertical reaction of the mast, which k equal to the total vertical reactions of the stays, or
one-half the total load on the elevator, plus the vertical component of the control wire pull.

Control wim pull. ‘

Given ~= 425.80 poun~s.; z =7.25 inches; r =42.75 inches.

Then component of control wire pull

Z= Rz/r=425.80(7.75 )/42.75 =72.21 pounds.

lZinge reactions

R1=~0.62 .,
R,=68.75+11O+72.21 =250.96
R,=20.6?.

Exumpte 2.—Find the vertical components of the pin reactions of the front aud rear beams
of the stabilizer or horizontal fin, figu~e 37, due to a un~ormly distributed pressure of 20 pounds
per square foot and the hinge reactions of example 1.

(A)TOTALLOADEQUALSTHEUNITPRESSURE‘ITMl19THEAREA.

Given, B =28.70 square feet; P= 20 pounds per square foot.
Then, total load =28.70 (20) =574 pounds.

(B)DISTRIECTIONOr LOAllINGONRIBSAND BEAJMS.

The ribs may be considered as beams supported at two points (the position of front and rear
beams, see m and n in figure 37). Approximately 0.75 Wand 0.25 Wis carried by the front and
rear beams, respectively.. . .

Front beam, 0.750(574) =430.50 pounds.
Rear beam, 0.250(574) = 143.50 pounds.

(C)PINREACTIONSDUETOTHELOADONTHEFRONTBEAM.

Consider as a continuous beam supported at three points and having both ends overhanging.
By table in figure 13 W= wl =430.50/2 =215.20

b/1 =28/50 = 0.56
Then B,= O.822W=177:11

R,= O.354 W= 76.28
-R, =O.822 W=177.11

Sum =430.50

(D) PIN REACTIONSON REARBEAM.

(!onsider the rear beam as a continuous beam supported at the stern post and two sta~’s.

13y figure 13, given W=wl= 143.50/2 =71.75
b/1= 28/56 = 0.50

Then R, =0.927(71.75) =67.23 .
R,= O.126(71.75) = 9.04
R3=0.937(71.75) =67.23

Sum = 143.50
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The total vertical hinge reactions of the rudders found in example 1 must be uddetl to t.hc
reactions RI and Rz. The true pin reactions of the rem beam of the. horizontid stabilizrr t.hcn
become:

RI =M. 23 –292.20=359.43
B,= 9.04–0 = 9.04
l?, =67. 23 –292.20=359.43

~Sum = 7~7.90

The sum of all the vertical reactions of the stabilizer minus tho vertical components of the

stay wire pulls should eclual the total load on stabilizer and elevator.

Reactions of front beam =430.50

Reactions of rem beam =727.90
.

sum, 1,158.40
klinus vertical compo-

nents of stay wires, 144.42

1,013.9;
Again, Total load on stabilizer= 574 pounds.

Load on left elevator = 220 pounds.
Load on right elevator =220 pounds.

1,014

Exampk $.—A rudder and vertical stabilizer bearing a uniform pressure of 20 pounds per
square foot has the dimensions and structural form shown in figure 37; fkd the transverse Iouds
on the upper and lower trussings of the fuselage in figure 36 and the applied couple ahmt h
normal axis of its various sections.

1.GEXERAL DATA.

Cen!roid.

Member. .irca.
1z. 1z

—. —. . .

Rudder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 1?.on -17 19
statiIiwr . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.84 10
Ruddcrand lt~l.[l!er..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:.80 –1: 17
l.errgthofstern POW,12mch?s.

12is the dist!mce(poiitire upward)fromaxis ofuppw longoronand iiis the distmw (positwc forward)fromaxis ofstern post.

2.WIND FORCE.

On rudcler =PA = (20)’” (12) =240 pounds.
On staldizer =PA = C20) @.80)= 76 pounds.

——
Total, 316 pounds.

3. TRANSVERSE LOADS ON HORIZONTAL TRUSSING AND COUPLES AT VARIOUS SECTIONS.

The total load at the centroid of the rudder and stabilizer may be replaced by an equal load
at the centar of the stern post a,nd an ecluivalent couple.

Then,
(a.) Load at center of stern post =SIGApounds.

(b) Couple in verticulpiano of stern post z]G t17+ @ =’7,xi$ pounds per sq. in.

b

.._.



AIRPLANE STRESS ANALYSIS. 41

(c) The couples at the various sections may be conveniently arranged in the following
table. (See fig. 36 for dimensions of members.)

I Station No. ! !M:mse I Eccentricityy.1 Torque L”
(couple)... I

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l 316 23 7,26S 1
2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ 316 ;$ 5
3. . . . . . . . . . . . . . . . .

7,742
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

.$ . . . . . .
316 8,216

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 316 27,7 8,753
o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ 316 29.6 9,354
6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1 316 31.5 $?,%4
7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .\ 316 33.1 10,459

Computatimsfor stressesdue to the appliedcouplessJoneare givenin example12.
1Iiertical distanceofloadab>veaxis ofsections.

ExampZe .4.-Compute the normal lift on the tail skid from the data given in figure 29.
Given W=1,890 lbs.; a=19.13 ins.; 7=205.8 ins.

L= Wa/1
= 1,890 (19.13)/205.8
= 175.6 lbs.

Example 5 ‘.—Given 1=60,544 lb. –ft.2, ~%=16 ft,/sec.2, j,, = 8 ft./sec.2, a= 0.1 rad./sec.2 in
figure 31 and the dimensions of a machine, find the resultant live load on the tail skid.

Given J4= 1,890 lbs. j.= 16 ft~/sec~ z = 1.59 ft.
1=60,544 lb. –ft.2 j~,~ 8 ft./sec.2 ~=2.91 ft.
a= 0.1 rad,/sec.2 p=3” 37’

p=17.14ft, g= 32 ft.jsec?

Then, by figure 31,

P,, = { M~?,m-&g+g Cos /3.5]+ locY}/p,
P,,= {1890 [8(1.59) – 16(2.91) +32(,998)(1.59)] +60,544 (.1) }/17.14.
P?, =2,221 poundals, or 69.4 pounds of force.

Example 6.—From the data in figure 29 compute the normal load at the wheels of the
undercarriage; also the stresses in the struts and stays and their factors of safety,

(a)

(b)
(c)

1, LOADON WHEELS,

Load carried by eaoh wheel =8373

2. STRESSESIN STRUTSANDSTAYS(ANALYTICAL).

Applying formula 24 to the triangles ~, B, C in figure 29, we have—

For component in plane of front trussing,

P =E sin alsin Y
=857 sin (68°23’)/sin (76014’)
=820.51

ln a similar manner the stresses are found.

Fcwcomponent in plane of rear trussing ------------------------------------- 511.0
Fortension in front stay -------------------------- ------------------------ 619.7

(cl) Forcompression inthe"front strut ----------------------------------------- 1,307.1
(e) Fortension inrearsta3'--------------------------------------------------- 301.7

~) Forcompression inrearstrut ---------------------------------------------- 778,9

3. STRESSESIN ST1iUTSAND STAYS (GRAPHICAL).

The graphical solutions are shown in figure 29. Figurb 29 shows the lift components in

planes of front and rear trussings, both being in a plane normal to axle. From these components
the stresses in the front and rear struts and stays are found by simple graphics as shown.

JSolved by usingabsoluteF. P. S, units. ZTXal weightof machhe minus load on tail skid and weightsofwheelsand axle.
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t.FACTr3RSOt? SAFETY.

The factorsof safety are found by dbriclingthe stanckl strength in pounds by the 10M1 in

pouncls.

The table below gives the complete data and results.

.*. ,.
Strusin

Member, MateriaI. StandardSectionNoment Length , Loadfrr,pounds Factor
strength. ara9. oftiert ia. in inches.’ pounds .pcrs usre ofsafety.

h%.
. - — — —— .

Struts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .{~:::: ‘?r#:”:--””-- y:fi --------- O:f;: :$. ‘J;;; ~---------- *.

Sta.ye... {I,ont.. Cable - ‘---- ,>,* . . ...<... . . . . . . . . . .
. . . . . . . . . . . . .

----. ---.. ----- .--- S---------------- rear... . ..do . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . .

4;7oa lx . . . . . . . . . . . . . . . . . . . .
‘:% [“’’’”:’ ‘:

.. . . .- .-.-p.. .,_. .
I Inchesin diameter.

---- - _ :. .!’-=.+

ltmmpk 7.—Fincl the stresses in the undercarriage trussing of the seaphmo in figure 30,
due to a lift of 600 pounds, applied at a point one-third t“he distance from the front to the rem
strut athcbments.

The resultant form is resolved along three %xes, passing through its point, of application;
the X axis, which in the present case may be conveniently taken pmalhd to the line “of the
fore-and-aft lower pin connections of the trussing to the pontoon; the 1’ ancl Z axes normal
thereto. The stresses in the trussings are then determined separately for each componcn t
and then algebraically adclecl.

1. STRESSESDUE TO THE Z COMPONENT.

The Z component in the present problem acts in a vertical plane through the fore-and-aft
pin connections of the trussing.’ This vertical load is resolved, as shown in figure 30, into com-

ponents in the planes of the fore-and-tit side struts and fore-and-aft stays, both componmts
being in the 172 p~ane. I?rom each of these components the stresses in the stays and struts
may be found as shown. The component in the plane of the stays causes a drag in the strut
plane, which must, be determined before soll>ing for tile strut IIlane stresses. These drag forces
(see forces (169) and W in diagram for true plane of struts, figure 30i me caused by the
tension in the stays. Figure 30 (~) shows the resolution of lift on vertical pkme ( I’Z); B,

the diagram for the lengths ~d &stances in tme plane of stays with the graphical solution
for stresses and strut reactions; (c), &agram for true plane of struts and graphical solution
for stresses in struts.

2. STRESSESDUETOTHEX ANOYCOMPONENTS.

The stresses in the struts and stays due to z’, 37 components of the applied kmd on the
pontoon are in general solved by a methocl similar to 1.

lhwnpk 8.—-4m airphme weigting 3,000 pounds Iltith wl~eels 2 feet in di.mneiw rmd 6 fed
apart rests with one wheel 10 inclies lower than the other. Find the wldpd bending IIlomcnt

on the axle, assuming each whee~ to carry one-half the entire weight.

By section: 23

Given W= 3,000 lbs. a= 7°54’ R =12 ins.

By formula:

lf= 1/2W l? Sin a

= 1/2 (3000) 12 (0.1388)
= 208 ft. ]bS. AnS.

lh.mmp~e 4. —Fincl the stresses in the struts, stays, and longerons of the rem segment of
the fuselage clue to a uniform pressure of ~0 pollnds per square foot upon the horizontal tail

‘ pieces; also those due to gravitational loads alone.
. <m-+

1In case the Z componentisnot h a v.wtiw~Planethroughthe@ w~wtlcns, an eq~~alent forceand couplemust be considered.
. ...+ - -.-.Q,
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L STRESSES DUE TO AIR FORCE ONLY.

1. GENERALDATA.

nl=3.00; ml=O; b=19.00; p=12.00; pl=22.48; pz=19.24; p~=b
nz,=3.00; mz=O; c=20.50; q= 15.00; gl=25.40; qz=20.72; q~=c “
na=3.50; m8=O; d=24.00; r=18.00; rl=30.00; rz=24.26; r3=d
nd=3.87; mA=O; e=26.00; s=21.50; sI=33.74; %.=26.29; %=e
n~=3.75; m~=O; f=29.00; t=25.37; tl=38.53; tz=29.24; ta=f
no=3,19; mo=ll; g=30.87; u=29.12; UI=42.44; UZ=31.08; us=g

v=32.32;
G= 507 on each truss. (See example 2 part II.)

2. ANALYTICALS30LUTIOFJ.
By formulas of figure32:

UPPER LONGI?RON STRESSES.

P'''= o ---------------------------------------------------------------------- 0.00

The formulas of figure 32 apply to all cm.es and may be reduced to simple forms, for cases
of parallel or horizontal longerons, by cancellation. 4Jwa.ys rewrite the formulas before

solving.

Q1’~=G~/q

=507(19)/15 -------- _------- _----------------- .-------: ------------- 1642.19
R’” = G(b + c)/r

=5 07(19+20.5)/18 --------------------------------------------------- 1,112.58
i? ’’=@(b+c+d)/s

=5 07(19+20.5 +24)/2 l.50 -------------------------------------------- 1,497,41

T“’=G(b+c+d+e)/t
=5 07(19+20.5 +24+26 )/25.37 ---------------------------------------- 1,788,15

U“’=G(b+c+d+e+j)/u
=507( 19+20 .5+24 +26+29 )/29.12 ---- --------------------------------- 2,062,80

V“’=G(b+c+d-t-e +~-l-g)/v
=507( 19+20 .5+24 +26+29 +30.87 )/32.32 ----------------------------- 2,343.40

P“=p,Q’”/b
~OW311~ONG3~ONSTRESSES.

=19.24(642.19)/19 --------------------------------------------------- 650.30
Q“=@’”/C

=2 0,72(l,l12.58)/2 O.5------------------------------------------------ 1, 124.52
R“=r,~’”/d ,

=24.26 (l,497.41)/24---: ---------------------------------------------- 1,513.63
~“=szT’”/e

=26.29 (l,788015)/26 -------------------------------------------------- 1,808.10

T“=4U’”IY
=29.24 (2, 062.80)f29 --e-----------------: ----------------------------- 2,079.88

u“=u2v ’”/g

=31.08(2,343.40)/3 O.87---------------------------.-----------------i- 2,358.96

STAY STRESSES.
P’ =p,[G–P’’nl/p,l/(q – n,)

=22.48 [507-650.30(3)/19 .24]/(15 -3)------ _-_---:---------------------

Q’=da--Q“n,lq,ll(r-n,)

759.84

=25.40 [507–1,124.52(3 )/20.72]/(18 –3)- . . ..------------------------------ 582.82

R’= r,[G - R“n3/r,lls( – n,)
=3 0[507-l,513.63(3 .5)/24.26]/(21.5 O-3.5 )------------ ------------------ 481.05

ISolvedtwo decimalplacesfor oomparingmethods ofsolution. Use slide rule for engineeringreeults.
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is’ = S,[G– s’?lJ8J-(t – n,]
=33. 74[507– 1,808 .10(3 .87)/26,29]/(25. 375–3. 87). ----------------------

T’= t,[G – T“n,/t# (u – n,)
=38. 53[507–2,079.S8 (3.75)/29. 24]/(29.12–3.75)- -------------------- ----

0’ =u,[G– U“n,/u,]/(v – n,)
=42.44[507 -2,35S,96(3.81)/31 .0S]/(32.32 -3.18). ---. --. -----: -----------

P=o
STRUT STRESSE9.

=507 -------------------------------- .------- ..---------:-----------

Q=P’(z–w)ln ~
=759.84 (l5-3)/22.48------------------------------------------------

B= Q’(T–n,)/q,
=5S2.S2(lS -3)/25 .40 ------------------------------------------------

S= R’(s–n,)/q,
=4Sl.05(21.50 -3.5) /3O-----------------------------------------------

T=iY (t – n,)/sl
=377.41(25.375-3,875 )/33.74 -------------------------------------------

U= T’(u – n5)/t,
=36.467 (29.12-3.75)/38 .53 --------------------------------------------

v= u’ (v – no)/ul
=3S6,80c32.32-3 .l8)/42.44--------------------------------------------

377.41

364.67

3s6. so

507.00

405.60

34’L. 1s —--- ..-—

2S8. 63

240.49

~~o$ 16

265.43

3.GRAPHICAL SOLUT103J.

The graphicalsohstionisgiven in figure35 II.

IL STRESSES DUE TO GRAVITATIONALLOADS ONLY,

1. GENERALDATA.

nl =3.00; fi=19.oo; p=12.oo; pl=22.48; p2=lU?4; pa=h

~=3soo; c=20.50; q=15.oo; q, =25.-40; q2= 20.72; q3=c

~=3.50; d=24.00; r=18.00; r,=30.oo; rz =24.26; ra= d
nd=3.87; e=2koo; s=21,50; S1=33,74; Sa= 26.29; s~=e
nE=3.75; f =29,00; t=25.37; tl=38.53; t,= 29.24; t, =f
na=3.18; g=30.87; u=29.12; UI=42.44; U2=31.0S; Ua=g
~=!2,03; , ~=41.56; v=32.31; VI=52.64; va=41.66; V%=h

w = 34.75
t7=30.oo; H=1o.oo; 1=9.00; J=7.5o; K=S,00; L=s.50; M= 100

In the case of loads G, H, I, J, K, L, .31, eke., on a long truss it is convenient t.o find their
moments about different sections before substituting in the equation.

The use of the table below can be readily seen whcJ~ substituting in the ccluaticms uf
figure 32.



AIRPLANE STRESS ANALYSIS.

Problems in Part III.

P“’=o.. -..

Sum ofdistances,

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19.00
g~;i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39.50

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63.50
b+c+d+e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89.50
b+C+d+C+f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118.50
b-!-c+d+e+f+g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149.37
b+c+d+e+f+g+h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190.93

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.50
c+d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44.50
c+d+e ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70.50
c+d+e+J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99.50
c+d+e+f+g . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;;#.:;
c+d.be+fi-g+h . . . . . ... . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

d.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.00
d+e .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50.00
d+e-!-~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79.00
d+e+f+g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109.87
d+e+f+g+h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151.43

e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.00
e+f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.OQ
e+f+g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85.37
e-1-f+6+7t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127.43

f---------------------------------------------------------------------- :~g
$::Yi:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 101:42

g---------------------------------------------------------------------- 30.87
g+h... . . ..%...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 72.43

h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.56

2. ANALYTICALSOLUTION.

UPPER LONGERON STRESSES.

- ----- . ---- -- -- -. -- ----- -- -- -- -- -- ---- -.. ---- ------

Moment.

DistanccoX~=30 ‘

1,185:00
1,905.00
2,685.00
3,555.00
4,481.25
5,727.90

Distan#5Xo;=10

445:w
705.w
9% OQ

1,303.75 ‘
1,719.35

Distar#/&I=9

45i 00
711.00
988.37

1,362.87

Distan:m5X$=7.5

412:50
644.06
955.72

Distan~:XWK=8

479:00
811.36

Distance~~3=8,50

615:65

Dist~n~5~~=.100
>.

----- ---- -- --- - ---- 0000
Q“f=Q ~/q

=570’/15--------------------- -- ---------------------------- ------------ 38.00
R’” = [G(b +c) + ZI(c)l/r

=[1,185+205]/18 ---------------------------:--------:-.----.----.:------ 77.22
/S”’” = [G(7)+C +d) +.H(c+d) + Id]/s

=[1,905+445 +216]/21.50 --------: --.-------------------: ----------------- 119.34
T“’=[G(V+c+d+e)+H(c+d+e)+.I(d+e)+Je]/t

=2,685+705+450+195]/25,37------ -- ------------------------------- -------- 159.oo
Z7’’’=[G(b+c+d+e+j)+H(c+d+e+~+)+et].u/u

=[3:555+995 +711+412.50+232]/29 .12 ----------------------------------- 202.75
1“’’=[G(b+c+d+e+-~+g)+H(c+d+e+j+g+)+etc,]/v

=[4,481.25 +l,303.75+988.87 +644. 06+479+262.43]/32 .31------- .-:--------- 252.51
. _117’’’=[G(bc+d+e+j+g+fi)+etct].w/w ~

=[5,727.90 +l,719.35+ l,362.87+955.72 +84.36 +6l5.65, +4,156 .00]/34.75 ------ 409.00
t

‘P;’ = p,Q’”/b
LOWER LONGERON STRESSES.

=19.24(38)/19 -----------:------------------------------------------------ 38.48
Q“=q,R’”/C .,

=20,72(77,22)/20,5------------- ---- --------.------------------,.- ---------- 78.04
R“ =r,iS’”/d

=24.26(119.34)/34------------- -- .- --.. -- -- -- ----.-----:----- ------------ 120.63
fl’’=s~T’”/e

=26.29 (159.00)/26 -------------------------------------------------------- 160.00

~Seedatatable above.
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~“=4~’”f.
=29.24 (202,75)/29.. --. -----. ----. ----. ----------= ------------------------ 20-4.42

lT’l =W: VI’ ‘lg.
=:31.08.fJ52.51)/3 0.S75--- ..-------------------L -------------------------- 254.1S

ST.iY STRESSES.
P’ =pl [Q–P’’Tk1/p2]/(q -n1).

=22.48 [30-38.4S(3)/19.24]/(15 -3)----------------------------------------

Q’=L [G+B–Q’’~/g*l/(~–n~).
=25,40 [4O-7 S.04(3)/20.72]/(lS -3)----------------------------------------

R’ =r, [G+ Il+l–R’’n,/r,l/(s –n,).
=30 [49-120.63(3.5)/24 .26]/(2,1.50 -3.5) ------------------------------------

,Y’=sl [G+13+I+J–S’’n,/s,]/(t– n,).
=:33.74 [56.50 –160.00(3.87)/26 .29]/(25.37 –3.87) ----, -----------------------

T’ =t, [G+ H+ I+J+ K– T’)n,/t,]/(u – n,).
=3S.53 [64.50 –204.42(3.7’5)/29 .24]/(29.12-3.75 )-- ---------------------------

U’ =u., [G’+ H+ I+J+ K+L– U“nOuJ/(v –%).
=42.44 [73-254 .lS(3.18)/31.S]/(32 .31-3.18) --------------------------------

P =(?.
S’1’liU’J!STRESSES.

=:30--.. -------- .-----------------------------4--------------------------

Q =~J+P’ (g–nJ/pl.
=10+44.96(15 -3)/22 .48-------------------------------------------------

B=l+Q’(r–n,)/ql.
=9+4$ .61(18- 3)/25 .40 ---------------------------------------------------

S=J+R’ (s–n,)r,.
=7.50+(52.66) t21.50-3.5)/30 --------------------------------------------

T= 1<+8’ (t – n,)/sl.
=8.00 +5166 (25.37 –3.87)/33.74----------------- -------- -------- ---,---- ---

U=L + T’ (u – n,)/t,.
=8.50 +50.65 (29.12 –3.75)/38.53 -------------------------------------------

IILGRAPHICAL SOLUTION.

The gruphicul solution is shown in figure 35.

lV. REFEREh”CETABLEFOR STRESSES IN LOl$GER03LS.

I I Longcronstresses.
I

syrnl.)OL I Wm. I LORW I ‘~~v I strut I
1“ Strss&s. StI’cs.?.cs.

P.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 38.S .45.0 30.0
Q. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 38.0 , 78.0 4s.6 34.0

F...::::::::::::::::::::::::::::::::::::::::::::::::::
77.2 ~ 120.6 527 37.7

110.3 160.0 5L7 W.1
T.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159.0 204.4 . . . . . . . . . . . . 40.9
IJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2432.8
v .. . . . . . . . . .

2W 2 . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . ...?.!..

w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1, I I I i f

44. !36

4s. 61

52.66

51.66

58.14

69.33

3(?. 00

34.00

37.71

~ga ~g

40.91

41.85

.-

12-cmnple10.—Find the stresses in the struts, st.a.ys, and longerons of the vertical trussing of
the front segment of the fuselage shown in figure 35, due to gravitational loads.

1.~EXi2R_4LD.4T.4.

6=19.00; m.1=6.12; n,=7.50; p=lO; pl=24.92; pz=20.43; ps= 19.96;
c=19.50; m.z=l.87; ?7Z=5.50; q=23.62; ql=32.10; qz=20.26: gS=19.59:
d=13.66; T=30.94; TS= 13.67;

G=165; E=ll.

-. _... . . .. . k.
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IL.4NALYTICALSOLIJTION.

Solutionsimilarto thatin example 9.

.
IIL RESULTS.

I I Longcronstresses. I
Symbol.

Uppm. Lower. Stay Strut
stre3ses. stroeses.

P.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 1.42.5 174.2 165.0
# . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 133.3 220,5 130.5 103.9

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Example 11, —From the data in the problems above findthe stressesand factorsof safety

forthe principalmembers of the fus~age fora steac!ycirmdarflightaround a levelcurve of200

feetradiusat 80 milesper hour.

The stressesin the frontml rearsectionsof the fuselagemay be found from the gravity

stressesforsteady levelflightin figure36 by multiplyingby a simpleratio. For a velocityof

80 milesperhour and .200foetradius,formula —, theresultantloadingis2.133timesthegravity

loading.

The tablebelow rehrs to figure35, and givesthe resultantstressesand factorsof safety.

. Symbol.
Standard
strength,
pounds.

Ba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

~i.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

:f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

GQ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
;;..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E:::.::::::::::::::::::::::::::::::::::::::::::::::::

Ah. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Af. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oh. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ki.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Nm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
xo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~q.:: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ns .
Nu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

;;...:::::::::::::::::::::::::::::::::::::::::::::::::
...........

6,000
.. .. . . . . 12,900

fg.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 10,500
M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,200

$
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,600
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !$%

pq . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,S00
rs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,600
tn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,800
vm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ah.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,200
cd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,2004,200
%::::::::::::::::::::::::::::::::::::::::::::::::::: jg
fi:--------------------------------------------------

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2;000
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,O(!C
oP---------------------------------------------------
T".." .-". --.-. "--. -"-. -.". -.-. --". -."." ---" -------- $gs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
uv.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

15,000
M,000
10,000
15,000
15,000
13,000
13,060
13,Oao
13,000
13,000
13,Oca

stt:~t>

10,5%
10,600
10,700
9,MO
8,100
4,800
4,300
i,30C
3,600
3,.5@c
3,500

StressfoI
steady
fliiht.

0.00
—71
–114

.. . . . . . . .
–147
-165
-140
–115
– 32
--~

144
222
354

.. . . . . . . .
442
254
204
160
121
;;

.. . . . . . . .
112
202

.. . . . . . . . .

.. . . . . . . . .
149

:!
39
38
34

. . . . . . . . .

-175
-131
–323

. . . . . . . . . . .
-236
– 69
-59
-53
-52
– 49
– 45

Stressfor
0M[HR2(
FeetRAD

..........
-151
–243

. . . . . . . . . .
–314
–352
–29S
–245
–174
-96

. . . . . . . . . .

307
473
754

. . . . . . . . . .
942
541
435
341
253
166
83

. . . . . . . . . .
239
1346

. . . . . . . . . .

. . . . . . . . . .
317
104
37
83

!*
. . . . . . . . . .

–373
-279
-699

,. . . . . . . . . . . .
–503
–147
–125
-113

\ -111
-104
– 96

.........
99
61

.. . . . . . . .
47

::

%
135

.. . . . . . . .

84
;:

.. . . . . . . .
8.6

::;
12.7
14.7
21
42

.. . . . . . . .
26
m

.. . . . . . . .

.. . . . . . . .
17.6
43
63
45
47
52

.. . . . . . ... .

11.2
16
6

.. . . . . . . . .

1:::
16
17

::.2
20.8

Ezample19.—Find thestressesintherearsegment ofthefuselagedueto the torsionalloads

.

of example3.
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1.GEI?ERALDATA.

Tuhle.forapplied torqua asfound in example3.

Station. j, 2 3 .4 .51G 7- I
— .—— — . — . —.

Torque. .. . . . . . . . . . . . . . . . . . . . . 7,268 7,742 &216 8,753 9,354 9,w-f 10,459
———..——. . . .....—.

Tahle,[m length@ panels, struts,andstays.

I Length ofpaneIs. I Length ofstruts. I Lmgth OfSi89S. I

I“ Station. Length. Station. upper. Side. ! Station. ! upper. Side.
— — — —

lto2 ... . . . . . . . . 1.. . . . . . . . . . . . O.w .Itoz .. . . . . . . . . . . . . . . . . . . .
#5

22.48
2t03 .. . . . . . . . . . 2.. . . . . . . . . . . . 7.75 ,:: 2t03 .. . . . . . . . . . 2s.4
3t04 .. . . . . . . . . . 3.. . . . . . . . ..-. 14.25

!25.40

18.50 I j!.60 @4$$ “ “
29.2 30.MI

. 4t05 .. . . . . . . . . . 26 4.. . . . . . . . . . . .
. . . . . . . .

32.9
21.37 I 25.37

33.70
5t06 .. . . . . . . . . . 29 5. . . . . . . . . . . . .

. . . . . . . . . . .

6t07 .. . . . . . . . . .
. . . . . . . . . . .

30.87 26.12- ~~~...........l
36.7

6. . . . . . . . . . . . . 23.00
33.50

7tc18... . . . . . . . . 41.60 7.. . . . . . . . . . . . 24.00
39.0 42.40

32.3 .. . . .. . . . . . ..- . . . . . . . . . . . . . . . . . .

Tablefor kngths of struti and staysin the transversetruwinq at thedi.~erenti?tatione.

Station,

I
!— i_ .

t :;; ;;:::; ;;; ::; ;:::::::::::::::::::::::::::::::::::::::::::::::;:::::::: Ii:;: I i::%
.8.44
11.45

~ 4. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 18.54 i 2.3.50 14.1s
‘ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.37 1 25.37 16.58

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.00 , 29.12 18.55
7.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 24.00 1 32.30 21.11

1 1

lSeatiq. 34.

i~ompukition tables Jhr directionco3ine.

1

Loftsidestays<

I
I SyrnboL I

, ~ —-
Direotioncosines.

iY z,
# %1I “1 la’%1

So. . . . . . . . . . . . . . . . . . . . . . :;;2; 20
58. . . . . . . . . . . . . . . . . . . . . .

~ ~:::::--.”.”-.-”-””””” $; :

Ski....:.::::::::::::::::!44:7
I ST........ .. .. .. ... . .. . .. 50.1 . 8.6 ] u I ‘.&t ‘-*11 ‘0.000i ‘.6051

.—
1.z 3.10

1 7-1 . . . .

18 –o. 743- -0.113
i 2.4

-0.657
21.5 –.743 –

3 ; 1.4 25.4 – .716
_:mi4\ ~::~

9 1.0 29.1 –.706
?.? j -.6

– .024
gag , - .G9{

– .702
-..013 – .~3

I Upper k.tays.
~

SymboI.
XIY z

Directioneoeincs.

I 1
t= ty t=

— — . .

!. ~ .. . . . . . . . . . . . . . . . . . . . %3.4 ~ 20.5 10.9 0 -0.384 -0.470 0
... . . . . . . . . . . . . . . . . . . . 29.0 24 lG7 0 -.328 -.576 0

2!4.. . . . . . . . . . . . . . . . . . . . . 32.7 26 10.9 0 – .795
~, .. . . . . . . . . . . . . . . . . . . . .

– .348 0
36.6 29 22.4 0 – .792 -.612 0

... . . . . . . . . . . . . . . . . . . . 33.8 30.9
T,.. . . . . . . . . . . . . . . . . . ...! 43.0

2s.o 0 —.796
41.5

– .60s
.%.0 o“ – .867 – .500 .1

,
l,rho.dfre~tioneosfissarOfo~d from the projectionsalong X, Y, Z and the trrmlengthsO[the SU’utS,et8yS,etC. Thasigne arogiventrorn

olree:;;~~ in E&a4.

-=

----
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.

Computation tablesfor directioncosine—Continued.

Right sidestays.

Symbol.

I

Directioncosines.
1 x Y z

G UY u,
— —

u, . . . . . . . . . . . . . . . . . . . . . 25.5 20.5 3.10 . ~o:;~
us . . . . . . . . . . . . . . . . . . . . . 29.9 24 2.40 ;!

+0. 121 +0. 5S8
$. :); + .602

u+. . . . . . . . . . . . . . . . . . . . . 33.7 J g L4 21.5
7-7.6. . . . . . . . . . . . . . . . . . . . . 38.6 I

—.771
1.0 25.4

+ .638
– .751 + :026 + .658

Up. . . . . . . . . . . . . . . . . . . . . ~: 30.9 .6 26.1 : ;;;; +,.014 , + .635
u, . . . . . . . . . . . . . . . . . . . . . . 41.6 0 32.3 +0, ] +.614

Lower staya. -

w
Symbol. Directionooslnes.

1 x Y z
TX ~Y VI

— — — — -
v!.. . . . . . . . . . . . . . . . . . . . . 23.3 20.6 10.9 3.0 -o. Sso +0. 468 –O.129
V8... . . . . . . . . . . . . . . . . . . . 26.1 24.0 16.7 3.4 – .825 + .574 – .117
V4... . . . . . . . . . . . . . . . . . . . ::; 26.0 19.9 3.9 –.792 , + .607 – .118
V3. . . . . . . . . . . . . . . . . . . . . 29.0 22.4 3.7 – .790 + .612 – .101
Vs... . . . . . . . . . . . . . . . . . . . 3x9 30.9 23.6 3.2 – ,794
v, .. . . . . . . . . . . . . . . . . . . . . 43.9 41.6 24.0 2.3

+ .606 – .032
– .943 + .546 – .052

Upper longerons,left.

Symbol. Directioncosims.
1 x Y z

Sx’ SY’ s=’
— — — —

~ . . . . . . . . . . . . . . . . . . . . . 20.8 20.5 3.10 o
24.1

+0.986 +0.149 0
;$

S4’:::::::::::::::::::::1 2&1 %
+ .997 + .069

So’. . . . . . . . . . . . . . . . . . . . .
:

29.1 1:g
+ .993

0
+ .053 j

+ .966
Se’ . . . . . . . . . . . . . . . . . . . . 3.0.9 ;:.9 g. +1.000

: .:;$
o

s,’ . . . . . . . . . . . . . . . . . . . . . 41.6 \ 41.6 0 +1. 000 +{ o

I ‘-’” Upper Iongerons,right.

Symbol

, r

Dfrection cosines,

I x Y z
~xl ty’ I t,’

— — — - -
m.’... . . . . . . . . . . . . . . . . . . ~f 206 ; jo o +0. 986 -0.149 0
To’. . . . . . . . . . . . . . . . . . . . . 24 0 + .997 – .099 0
TO. . . . . . . . . . . . . . . . . . . . . 26:0 26 1:4 0 -!- .!?98 – .053 , 0
pa:. . . . . . . . . . . . . . . . . . . . . 29.1 29 ; 1:: 0 -1-.966 – .034 0

. . . . . . . . . . . . . . . . . . . . . 30.9 30.9 0
To’. . . . . . . . . . . . . . . . . . . . . 41.6 41.6 0

+1. 000
0

Lo.019
+1. coo :

Lowerlongerons,left.

S~bol.
. Directioncosines.

1 x Y z
Ux’ UY’ lb’

— . — —

Us’.. . . . . . . . . . . . . . . . . . . . 20.9 g5 3.10 3.0 +0. 981 -0.149 +0. 143
Us’.,. . . . . . . . . . . . . . . . . . . 24.2 2.4 3.4 + .S92 – .049 + .140

26.1 26~ . . . . . . . . . . . . . . ..-.. - ~. s 29 1.4 3.8 + .994 – .1353
1.0 3.7 + .699 – .034

+ .146
, . -------------------

U6’.. . . . . . . . . . . . . . . . . . . . 30.9 30.9 .6 3.2 +1. 00 – .-019
: .fU:

Up’.. . . . . . . . . . . . . . . . . . . . 41.6 41.6 0 2.0 +1.00 0.000 + :048

49
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.

Computation tables~or direction cotine-~ontinuecl.

Lowerlrmge:ons,right. I

Symbol. Directicmcosims.
1 x Y z

Vx’ Vyf

I I i

V’
— — — —

vi . . . . . . . . . . .. . . . . . . . . . ;:;. ~5 3.10 3.i -0.981 -0.140
As’. . . . . . . . . . . . . . . . . . . . . z 40 %4 – .992 : – .00!)

–o. 142

v+’. . . . . . . . . . . . . . . . . . . . . 26.1
-.140

26 1.4 3.9 – .904 , – .053 -.149
V5’. . . . . . . . . . . . . . . . . . . . .

\ Ad. . . . . . . . . . . . . . . . . . . . .
29.2 I 29 1.0 3.7 – .099
30.9 , 30.9 .6

-.034 -.126
8.2 –1. 00 -.019 -.108

v,’ . . . . . . . . . .. . . . . . . . . . . 41.6 i 41.6 0 2.0 –1. 00 0.000 - .04s

11. SOLUTION.

lWR TORQUE OF 7,7*2 IXCHES-POUKDS AT STATION NO. 2.

Given torqu@ = 7,74Z ins.-lbs.; 1=8.44 ins.; lJ=15 ins.; a=7.74 ins.

Then by figure 34:

R= torque/41
=7,742/4 (8.44) ------------------------------------------------- 229.32 lbs.

P=R b/21 z
=229.32(15)/2(8.44) -------------------------------------------- 203.77

Q =Ra/21
=229,32 (7.75)/2(8.44)- -:------------- -----------------------.-- 105.2$3

Substituting these values in formulas of figure 34:

~Ys+SV’S’ i-tijT+-ty’T’ -I-2 P= o –0.113s+0.149s’ –0.-4702’-0.149 T’ +2(203.77) =0 (1)
t, T+tj T’+u, U+u’~U, –2Q=0 +0+0.5%3 U+ O.143 U’-2(105.2S} =0 p)

tt,, u+u,,’z7’ +vyv+vy ’v’- 2P=o +0.121 U–O.149 u’+o.46s ?7+o.14!3T7’ -!2t2o3.77)=o (3)
VZV+VZ’ V+SZS +SZ’N +2 Q = O – 0.129 V+ O.143 T“- 0.657S+0+2(105.2S) =0 (4)
S.8+S’ S=0 –0.748~+0.986JS’ =0; i3’=0.7598 - j)
izT+t=’T’=O –0.8S4T+0.9S6T’=O; T’=0.897T (6)
4L=Ui-uzr u’ = o – 0.804 U+ O.9S1U’ =0; U’=0,819U (7)
VZV+VZ’ V’ = O – 0.S80 V+ 0.981V’ = O; ~7’=0.897V (s)

Substituting values of S’, T’, U’, V’ from equations 5,6,7,8, in equations 1,2,3,4 we find—

~=320.7.
T=675.O.
F=298.7.
~’=67K0.

Again by equations 5, 6, 7, S—
8’=243.6.
T’=60.5.5. =
U’=243.9.
V’= 608.2.

In ~ similar manner the stresses maybe determined for stations 3, 4, etc. The table below
gives these results for the given torsion loacls.

Sts,tiom. s T ~ v s’

__ 1

T’ ~-, VJ
— — — . — —

! ~...... . . . . . . . . . . . . 320.7 675.0 298.7 678.0 24.3.6 60:.5 243.9 60&2
. . . . . . . . . . . . . . . . . . 334.4 426.1 311.5 427.5 249.2 35!.0 251.8 , 355.8

288.0 360.0 26S.1 360 206.8 236.9 248.1 2g&9
5:::::::::::::::::: 256.0 337.0 240.7 337 1s1.0 267.2 1s1.2 266.6
6. . . . . . . . . . . . . . . . . . 230.0 :;; ; 218.8 339 148.9 269.0 15%3 269.1
7. . . . . . . . . . . . . . . . . . 223.1 . 238.2 382 165.4 361.8 1s8.4 3Gq.1
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FIG. I.—Contour maps of pressure on top and bottom surfaces of typical aerofoil (model R.. A. l?. 6, aspect~ratlo 6 to 1, air at standard density).
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FIG. 2.-Pressure distribution on median section of R. A. F. G aerofoll of 1 to 6 aspect ratio at 30 feet per second, atrat
standard density.
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FIG S.—Pressure dietrlbution on typlcaJ aerofoll with hinged rem mmgin. (Model K. .+. F. ii, asl]ert ratio I w G, standard idr
density, speed 43 m. P. h.)
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FIG.4-LUG drag,and centerOXpressurefortypical amfoil at various cross sections and angles of incidence. (IL A. l?. 6,6 to 1 aspect ratio, 30 feet per second air speed.)
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FIG. tL—Valuesof the natural angle or bank c degrees, centrffum! force F,msd who[e force P pwpendlculw to the wings, for au
atrplt.sueIn steady ch’culm dtght mound a level curve of radfus X4leek F and P expressed M a fractlou o! Uw whole wcfgilt W.

FEght ~
speed. I R= 100feet, I R= 200feet. I R=200feet,

Miles
per hour.

20
30
40
50
60
70

!8
100
110
2X5
130
140
150
175
200

a 1? P a “1? P

. — — . .— .
0, .,
m]
2s 4
3948
5012
5831
6453
6941
7318
76 5
7814
7956
8118

2:
8543

R=400feet.-“1~ .R=500feet. I R=6M feet, I R= 800fce[.

a F

— —
e,
349 0.037
832 .150
1456 .267
3237 .417
3058 .600
3914 .817
46511.067
63231.350
59~ ~.667
03372.017
67232.400
70272.817
‘72593.267
754 3.750
78665.104
81286.667

-1 I I l--T—7——l—
a I 1? ‘Pal?Pu

I

7
. ——.

0.0%1,002; ;3 0.0441.001; 6’5
‘.Ial1.oa7543 .1001.005418
.213,1.022105 .1781.016736
.333,1.05*I1531 .2781.03811.!0
.4801.1092148 .40)1.0771.1642
.6331.195I2334 .5441.1392213
.%3,1.315~3525.7111.22728 4
1.0801.4724159 .9001.34534 1
1.3331.6674s 1 1.1111.4!)5I3948
1.0131.8985321L3441.675~4514
1.9202.105580 1.600l.SSi6012

I

2.2532.465615s11.6782.127I5437
2.6132.79865202.1732.3001W 31
3.0303.16268122.5CSI2.622I6156
4.0s34.20473373.402a.5.ffl!3s36

5“3M15’426,77194’”’$’‘“47318

1?

—

0.033
.075
.134
.208
.200
.408
J33
.075
.633
1.OQS
1.200
1.408
1.633
1.375
L662
3.33

P

—

1s)01
1.003

;:;

1:030
1.133
1.20tl
1.302
1.420
1.502
1.7?7
1.915
2.126
2.741
3.493

.- .. ..-—...:.:—“.=.===
FIG,(i-Tension in airplane fabric hl terms

of pressure, bulge, and rih spachlg.

T
u
a

t t
3? r

t=Pai/M4(8c).

I Tensiont in poundsper linear inch fo~~rioue air presmrw, p pouncleper squaro

Depth ofbulgec, inches. 1
I p=5. P=8. : p-lo. p= 16. pd?o. P=25. p-w. ~ p-loo.

‘Fmrib spacinga=12inches; t=p/&.

.
o.l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 6.25 ‘ 10.00 12.50 la 75 25.00 31.26 62.60 125.W
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.3.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .[ k: ~: };: :;: 1;;: :$.:; $g :::

.4.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ..l 1.56 8:12 4.68 ~:25 7:81 15:62 3:;25

.5.. . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,25 2:fsl

I ‘w 375 aoo 625 12WI “m
For rib spacinga=13inches; t=.1405plc.

.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.W 11.72 14.66 22.00 29.30 36.00 73.26 l% ~

.. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . 3.66 5.36 ““- 7.22 1: g

.3.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2..44 3.91
A.

4.83
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.83 2.93 3.66 5:50 ‘;! ~ ;:? ;~:: , d~m

18.31,
.5.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l

36.34
1.46 2.84 2.93 4.40 5.80 ‘

I
~:3; 14.ff5I

I
2%30

I
~ For rib speeinga=14 inchoe;t= .1701p~c.

.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . 8.N I
:2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.?5 13.611 17.01~ 25.51\

.:.3 8.50 %$? I ‘“21 6505
,7’0,0

21.26:
.3.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.83

I

42;52
5.67

65:w
~: I ~w1134 14.17/ 28.35

.4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.12 3:40 4.26
60.70

.5
10.03 ;+zJ 42.52

............................................................ 1.70j 2.72 3.40
I I

6:10
I

6.80 g.mI .
I

34.00
—,

~ I?mrib spwhig a= 15kachos;t= ,1902p~c.

I ,
.l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...! 9.76 l! :3 19.53 29.29 48.62~ 97.65
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . .
.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

t

:$ 14.64
;E 5:20

~~ I !24.41 .
9.70 .

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.44 ::; ::: 7.32
1.95 .

I .
5.85

;. i ;:% ~ ::

195.3
97.e
66.I
48.8
39.0

,.-.=
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FIG. 7.—Typiccd pressure distribution on wing ~hme resolved

normtil to chord.
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FIG. 5.—Shear and moment on rlh of a wing ~Nane rlue to
]Oading normal to chord.’
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FIG. 10,—Rcsolutlon of wing plane loads into wing spar
loads (pictured in sequence).
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FIG. ~2.—.@pllcatlon of the tlwee-nmmmt theorem to cases of J
eccentric bracing.
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FIG. 13.—l3end@z moments and reactions for a COUtiMKIUS beam FIG.M.-Bending momenta, shears, 2uM reactious fOr a COmtiIUIOUS bL?i31USUPIIOkd at *Ce POiIItC and

symmetrieally supportwl. havfng one end overhanging. Uniformly loaded on each panel.

I

bI,=wiP/2=hf~.Bending rn0m6nt&.. -- {if,= ~W/K

Shearleft ofpin. Shearright ofpin. Pin reactions.
—— .— —.. ---

U*=WS. . . . . . . . . . . . . V,= M2–M1!b–wb!2.. . . . R,=w(41~-W)P3b.

{
[JJoint shears fmd pin

mactfom.
u~vl+~b..-...... V= M,–M \b–\vb\2... . . Rp2(wl–RJ.
u3=v*+wb. .: . . . . . . Va=(O–W)/a–ws/2 . . . . . . R.g=RI.

—.. —- .—.._. . .
Magnitude.

I
I?osition.

{MFM2-v#,2w.. . ....... . .. . .. .. . ..lx.=-vdw.
M8ximum moments M1=M,-V12J2W. . . . . . . . . . . . . . . . . . . . . 2G-–VIIW. ..

betweenjoints.

{

B. M.curve,M,= M+VX+WX?12.
C?en.eqs. forany panel Shearcurve,V.= V+WX.

Elastic curve,y=-–x[12M(l–x)+4V(I~–xz)+w(It–xa)]j24EI.

0.4 0.3
1.20 1.628

—.40 –1. 276

●—-—
Auxiliary symbols.. . . . 1=(Bb$+C@/4-A@b!Z h=2(b+c).

.

Jointbendingmonmnts {$=::,2. - -
F.

Shearleft o!pi. Shearright.ofpin. Pin reactkmc.

{

UI=SA. . . . . . . . . . . . . VI= Id2-Ml)/b-Bb12... . . RI= U1–V1.
[Joint shears and pin U~Vl+Bb..-----.. VP o.._M2)/,3-W/2. . . . . . . RF U?–VS.rcactiom. U3=V2+CC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.r=Ut–o.

- .

Magnitude. Position.

Maximum moments M1’=-M1-vlq2B. . . . . . . . . . . . . . . . . . . . . X,= –VIIB.
Wtweonjoints. {M*J-M2-v#,2c . . . . . . . . . . . . . . . . . . . . . Xk-v,c.

.—

{

D. M. cnrve, M.= M+Vx+wx3\2.
Gen.eqs.for any panel Sbcar curve, V.= V+wx.

Elsstio cnrvc, y = -x[12M(l–x)+4V(l~ –@)-~w(19–x~)]/24EI.
.—

Nom.—F’orbrieferanalysis,let A, B, C-w, the uniformnmn~- load.

. .

#



FIG. 1%-lhmding moments, shears, and rmctions for a continuous beam 9up-
ported at four points and havtn!g one end overhan.f$ng. UflotiY loaded on
each pamcl.

1= 13M+CcS)\4-AaW~hxiliSF?f SymbOh-... -{m =\C@+Dd3))~; h=2(b-j-c).
i-2(c+d).

—.—.——.—.——. .—. .—— — . .

1{M,- Ar.q2.
Jojntbonding moments Mc- (li–mc)/(hi-@.

W-(1–Mr.h)/I?.
— ..— — ..— ..——...— — --.-..—— —.—— ..— —.

13hmrloft ofpin. Shearright ofpin. Pin resetions.

1 ——.. ——

{

U,-.aA . . . . . . . . . . . . . V1- M2–M,)jl-I?b12.. . . . Rl=ul-vl.
[Joint shows and pin Vz-VII-Bfi. . . . . . . . . V$- m-wiJ3-w2.-.---R=U1-V5 ,

rmetiom. Th-vg+co ........ Vs=(o–MsJ/d-Dd/2 . . . . . . RS=UX-V9.
U,-Vs+Dd.. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R4-V4-O.

,
.“ I@-nitndo. Position.

I
M,l-M,–vP12B. . . . . . . . . . . . . . . . . . . . . X1=–VdB.1{MuxbmnnmomonfiM9J-M2–VSSpC... . . . . . . . . . . . ... . . . . . Xp–vdc.

betweenpoints. M+=%–v2s12D--------------------- -Xs–-VdD.

1{B. M. ourve,Mx-M+Vx+~/2,
G~. eqs.Iormy panel. Sheercurve,VX-V-I-WK.

Elastic CUITE,y-~ [12M(l-x)+4V(l*-x*)+w(18-x3)]/MEI.

FIG. 1G.—Bending moment% shears, and reactions for a continuous beam Supp-
orted at five points and hating one end overhanging. Unlfortnly loaded on
caoh panel.

{

1= (Bh$+C@/.l-bAm/2; h=2 IJ+C).
Auxiliarysymbols. . . . . m = (C~-I-Ilda)/~

n =( Dd$+E@\% 1;:: :$:]:

Jrdntbendingrncmmnts :“:[MJ,C
[

Mc==[l(i –“da-c(jm–nd)]/@(lJ-d2) –csj].

W3=(n–Mad)j..

—- — .“—-—. —. ——— -—.

Shearleft ofpin. Shesr right ofpin. 1% rmotions.
I —-.

{

U1-AS. . .. ..... . ... V,= McJ-M1lb–Bh12... . . Rr- UI–VI.

{}
U~V,+Bb . . . . . . . . . Vr= M8–M,/c–Ca12.... . . Rrua–v*Jo~~;h~ and pfn upv*+~ . . . . . . . . . VP M,–hb /d–Dd12... . . RS==U,-V8.
U~-V,+Dd .. . . . . . . . V,-(o–M\)le-Ee/2 . . . . . . . R4-U4-V4.[ TL-V4+M....... .. . .. .. .. .. . .. . .. .. .. .... .. .. . R~U,-o.

I I-. .—
Mm2nitndo. “ Position.

I

{

M,l=M,–vln/2B. . . . . . . . . . . . . . . . . . . . . xl- –v]/B. .
?de..tinm momonti M$=h19-V~\2C. . . . . . . . . . . . . . . . . . . . . xl= -v2/c.

bot.weenjoints. Mal-Ma-Vs9\2D. . . . . . . . . . . . . . . . . . . . X2==–VSID.
M41-~-V4s\2E. . . . . . . . . . . . . . . . . . . . . x,= –v@2<

1{12.M.curve, M.= M+V.+v?fi/2.
Gemriqs.foranypa.nel. shear cum, V~=V+WK. a

Elscliccurve, y- -x[12M(l–x).t4V(l*-fi) -j-w(la-xW/24EL

Nom.—For brieteraualys!s,let A, B ,C.-w, tbe uniformrunning load.
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FIG. 17.—Shem and moment on upper and lower snars in
plane of front struts.

RUiWIifOIDM 1,112 ES .PiW III.

’31

JUG. 19.—Compar1son of distances to masfnmmdeflectlon
and maxfmum bending moment for tfilcal spar panel.

:1
ql

i

I-6s
I

k “1

I?IG. l&-Bending moments for a uniformly loaded contin-
uous beam with pin supports and stays attached aside
from strut axis.

II I I a19

FIG. 20.—Concentrated loads on drag trussing fn terms of pin
reactions It., and strut and stay resistance.

I. BIPLANE TRUSSING.

(a) For upper drag trusting–

1. Leads due to frontupper spar plus resistance of
front struts and stays.

G=rl+Rl N.
lI=rQ+Rz N.
l=r~+& N.
J=r4+R4 N.

2.Loadsduetorearuppersparplusresistance1of rear
struts ancl stays.

G’=rl+R1 ilrl.
H/=r2+R2 .h’l.
I/=r3+R3 N1.
J’=T4+R4 N1.

Where rl, r2, 73, etc., equal one-half the air resistance of
the struts and stays adjacent to the pins; N=w~wl, the
ratio of the running load on front spar in plane of drag
trussing to the running load on front spar in plane of lift
trussing; Nl=w2/wl, the ratio of the running load on rear
spar, in plane of lift trussing to running load on rear spar
in plane of drag trussing;

(b) For lower rfrag trwwing.—For concentrated Ioade
on lower drag trussing change the word upper into lower

in (a) above.

II. ANT TRUSSIKG.

The formulas above apply also to drag trussing in
monoplanes or multiplanes.

1Considerthe resistanceas acting onlyfn the plane cf drag trusdng.



1. .BIPLANE TRUSSING.

(a) For upper drag trt.wsing.—
1.LOMISdue to tho j}ont upper spar plus one-half the

resistance of the jk-mt struts and stays.

G=rl+.4a+Ex1
lf=r2+B(b–LrJ+ CX2
I=r,+-c’(c-x.J+D%
J=r4+D(d–x3)+Ex4

2. Loads due to the rear upper spar plus one-kdf the
resistance 01 the rearstruts and stqs.

G’=#1+Aa+13x1
H/=#2+B(b–x,)+cx2
1/=#3+ C(C–X2)+DX8
J’=#,+O(d–z:l)+ llz,

Where ~1, ~2, r,, etc., are the loads due to one-half the
~ir resistance* of the front struts and stays; ~1’,rz’, r~’,
etc., are the loads due to one-half the air resistance*of
the rear struts and stays; xl, *2,etc., the distances to the
points of zeroshear.

(b) For lowerdragtrussi~.-’lkatmeut similar to above.

H. ANY TRUSSING.

The formulas above apply also to the drag trussing in
monoplanes or multiplanes.

FIG. 23.—EmIwlse stresses In terms o! toads and size In
any nmno@tne wing truss. .Analyticzl treatment.

STAY STRESSES.

P’=pG’/h
Ql=qH~/h
R’=rI’/h

SPAR STRESSES.

P“=(b+c+d)G/}i
Q“=(b+c+d)G/h-i-( c+d)H/h
R“=(b+c+d)G/h+( c+d)H/h+dI/h

*Comidsrthe rosfstanceasactingonlyin thoplane01the dragtrussing,

s

R= G+G’+H+II’+1= Q+H’+1
S=G+ G’+II+W+I+I’+ J= R+l’+ J

STAY STRESSES.

P~=li(G+G’)ih= p(P+G’)/h=pn*
G!’=q(G+G’+I$+H’)M~ =q(Q +H’)lh=qn,
R/=r(G+G/+H+ H/+1+ 11)/h=r(R+I~)/h=rn8
S’=S(G+G’+H+H’+ 1+1’+ J+ J’)/}l=s(s+J’)/ll=m4

SPAR WRESSES.

PI’=(G+i#)b/h=b(P+ G’)fh=bn,
W’=[(G+G’)(b+c) +c(fi+fl’jyh = P“+c(Q +11 ‘J%

=W+cn2
l?’’= [(G+ G’)(b+c+d) +(c+d)(H+H’)+(f( I+ I’)]/h

=Q’’+d(R+IVh=4?’’+ dns
,S’=[(G+G’)(b+ c+d+e)+(c+d+e)(H+ H’)+eLc.~/h

=Rzz+e(S+ Jt)/h=W+en+

FIG. 24.--Thrccomponentnt resotutlon uf sfiiy ttwihn.

.

.

il. hPECIAL

(a) For cabane sta~s,
R=rX/x

(b) For qss diagonal,
R=rX/x

(AMA.



AIRPLANE STRESS ANALT%IS.
.

FIG.25.—Endwisestresses in terms of Ioads and si’~ein a multipkme wtng truss.
.4na1yticaltreatment.

I

GENERAL THEORY.

I.et L be the total lift on a multilane atrul, as shown,
P, Q, tensions in the stiays p, q,
dp, dq, stretches of the lengths p, q, for vertical strain dz of truss,
rn, n, strut lengths between joints,
A, B, E, cross sectional areas of stays and modulus of elasticity.

Then L=Pm/p+Qn/g+etc., for more Plan% if anY,
P= AEdp/p,
Q=BEdq/q,
R=etc., for more planes, if any.

.

dz=qdq/n=pdp/m= etc., for more planes, if any.
P/Q= Amq2[Bnp2,Q/R=etc., for more planes, if any.

FOR A TRIPLANE.
P= LAmq2[(Am2q2/p+Bn2p2/q).
Q= LBnp’/(Am’q2/p+Bn’p’/q).

FOR A QUADRUPLANE.

63

P~LAmr’/(Am2r2/p+Bn2r2p2[q3+C o’p’[r).
Q=LBnpa/(Bn2p’/q+ Co2p’q2/r3+Am’q’/p),
R=LCoq’/( Co’q’/r+Am3q2r2/p8+Bn’r2/q).

No’rE.-In a similar way the equation for any multiplane maybe written.
Having thus obtained the strut and stay stresses in a multilane, the spar stresses follow by ordinary statics.
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FIG. 26.—EIMlwklcStmSSCSin a lnonoplam? wing truss. Graphical
treatment.
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FIG. 27.—Enrlwlsa stresses in a lJiIIlancWiUg truss with parallel spars.
Graphh?al treatment.~
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FIG. 29.—GrapMcal analysis for airplane undercarriage.
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FIG.30.-GrapltiCWanaIysIs for seafllane undercacrl~e.
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FIG. 31.—Grav1ta$ional plus dynamical load on skJd and axle.

M(jy+gcosl?) “

P,= M[+jyi-– (jXj+gcos@ .~)+L~l/P

Q,= Wy+gco@) –f’y
Px=aPy
Qx=bQy

.

I?IG. 32.—Endwise stresses in body trussing with
struts vertical and loads concentrated. Analyti-
cal treatment.

UPPER LONGERON STRESSES. ~

P’/’=o
Q“’=q3*(G+U)b/cq ii
R“’=r3[(G+G’)(b+c)+ (H+W)c]/& u
W=s3[(G+G’)(b+c+d)+(H+H’)(c+d)+( I+I’)d@s ~

LOWER LONGERON STRESSES. ~
7n

P“=p2cQ’’’/bq3
Q“=q2dR1’’/cr8 k
R“=r2eS’’’/ds3 ~
S“=s2fT!’’/et8 W

STAY STRESS13S.
z.

Where M is mass of craft less wheels and axle, P’=p,[(G+W) –P’’nJp2–P’’’vnJp(q/n, )n,)
j=, j, are component accelerations of ~ parallel to X, E
1, a, are the aqqular inertia and acceleration about the axis o;

Q’=q,[(G+&+ILt-H’) –Q’’wqrQ’’’wKll@~-@

~, ~ are the coordinates of craft centroid referred tO O;

R’=T1[(G+G’+H+H’+ l+l’) –R’’nS/r2-.Wr3]W(s]/(s-ns)
6“=s,[(G+G’+H-~. H’+1+1’+ J+ J’) –tY’nJs,–S’’’ms4]4(t(n4 )4)

p is the distance from skid contact, to axle.
No’rm—If j, j’ be the simultaneous vertical accelerations at points on the hmgi- STRUT STRESSES.

tudinal axis 1 units apart, then a=(j –j’)/l. P=G
Q= fl+P’(q-nJlp,+P’’’mp,p, -Q’’’msfq,
l?= I+ Q1(r-nJfq,+Q’’’mJq~ –R’’’ms]ra
S= J+R’(s–n8)/rl+Rf’’mdra –S’/mds~.,.

%, r~,et%m .~l,w c~c.,wrwentthel~hs offigrn~b~ ~ho~Str- arcQ ,,,~w},ete.,p,, Q), E, etc., respectivey. Interchangem’sand n’s h Fig. 2.



IFIG. ~3.-Wresses in twisted pyramidal truss, triangular @pe.

z

I

P!

?ORQm -x..—

P=torque/1

Generalcmc.—Applied couples in p!ane of lm.rsshtise. Use notition similar to that
of figure 34.
Then SYS-EXY’S’+-t.YT+tY’ T’-l-IIY U+IIY’ u’=~

sEs+*z’s’+[=T+tz’ !r-l-’uz u-t-w.’ U’=(1
(szs-ts;s’)c+(tzT-Ft; T’)a+-(?ly u-l++.”U’)b+r(a-l”c)=o

Also 8XS+$X’S’=0
rxT+iX’T’=0
‘l&u+)!=’ .!7’=0

bS~m”ulsaw1.—R.ight pfiamatic truss.
Sxt= tx’=ux’=l ; %~,Ly’, !lY’,Sfi’,1,‘, uz/==o; t=+)

&nmial cusc 2.—Pymmidal wedge t.~usti.
If ~=o. the wire Ucan lM dropped.

NOTE.—when some
general equalions.
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FIG. 35.
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72 FUSELAGE WITH TAIL SKID FORCE ONLY

IS! FU 5ELAGll W lTll cOMPLETE STATIC LOAO
I rUSCLAGC WITH VCETICAL Alft LOAD (F) WE TO 20 LBS PER SQ. FT ON
HORIZONTAL TAIL SuRFAcE

III UPPER. TEU551NG OF FUSIZLAGE WITH PART Of TRANSVERSE AIR LOAD (P)
OU!5 TO 20 L6S. PEE 5Q. FT ON VCUTI CAL 5UKrACES. oNE HALF OF (P)

CAR121ED b’f UPPER TRUSSING
~ FU5CLAGE w ITH VERTICAL GRAVITY LOADS IN STKAOV I’LI GtiT TAIL AIR
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ANALY313 FOR UNDERCARRIAGE

AIRPLANE BODY ANALY313

144416-20. (JMoepage 68.) No. 1
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GW TO 20LEsm 3QfI w HORIZCN7ALTNL XJKW+C13

24 63

f

16s

m

I . . I4.35., .27’
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FIG.:37.—Specifications for typical Pailunit,

I
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EOSIZOX-J SmAC=
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4.11.00 S.a.n. 2.15.00”

a.28,70 n 6 = 7.76”

““x
C.ls.oo n ,.7.ss” A( /

D.

1

FiG. 3Q.—Spcc?iticationsfor typical wing rib,
21

IYG. 33,—SpecIflatlons for typical aileron and connections,

~?g-~

Area A-20.7 Sq.Ft. a-n” b-70” c-18.75”

d-12.75° x-18.75” Z-13.37” r-22,72’f r-61.78,

FIG. 40.-Specifications for typical bIpIane wing trussing.
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FIG. 41.-Wing loads and spar 10wI5.
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,FIG. 42.—Imlm4sc stresses in body trussimg with struts vsrtical
and loads conccmtratwl. Graphical treatment.

e

\
1

m k

w
H“
s
H-


